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A museum guard, 

a lecturer and a salesman 
may not have anything 

in common except angina 
pectoris. As angina patients, 
they share a common need 
for Peritrate 20 mg. q.i.d.— 
“‘basic therapy’”’ providing 
long-acting coronary 
vasodilatation for fewer, less 
severe attacks, increased 
exercise tolerance, reduced 
nitroglycerin dependence and 
improved ECG findings. 


As individuals, however, 
their needs vary, so that 
therapy in one should also 
include relief of tension, 
while another may require 
convenience of 
administration. Broad 
coverage protection for 
each patient is afforded 
by a Peritrate formulation 
in terms of 


adaptable 

prophylaxis in 

angina 

pectoris with P er itr ate 20 mg. 


basic therapy in coronary artery disease: 


Peritrate 20 mg. with Phenobarbital for the apprehensive ane ae 
patient (q.i.d.). 

Peritrate Sustained Action for convenient 24-hour protection 

(one tablet in the morning, one 12 hours later). 
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FOR GREATER 
LATITUDE 
IN SOLVING 
THE PROBLEM 
HYPERTENSION 
WITHOUT 
SIGNIFICANT 


POTASSIUM 
DEPLETION 


NEW 


RAUTRAX, a combination of Raudixin with 
Ademol (fiumethiazidey—the new, safe nonmer- 
curial diuretic —controls all degrees of hyper- 
tension. Elimination of excess extracellular 
sodium and water is rapid and safe.'° Potas- 
sium loss is less than with other nonmercurial 
diuretics;'* and, in addition, Rautrax increases 
protection against potassium and chloride 
depletion during long-term management by 
including supplementa! potassium chloride. 


The dependable diuretic action of Ademol 
rapidly controls the clinical and subclinical 
edema often associated with cardiovascular 
disease. And after Rautrax has normalized 
the fluid balance, the normal serum electro- 
lyte pattern is not altered appreciably by 
continued administration.* Ademol also 
potentiates the antihypertensive action of 
Raudixin.’ In this way a lower dose of each 
component controls hypertension effectively 
and safely ... with fewer side effects. 


REFERENCES: 1. Montero, A. C.; Rochelle, J. B., Ili, 

and Ford, R.V.: New England J. Med. 260:872 (April 23) SQUIBB 
1959. 2. Fuchs, M.; Bodi, T., and Moyer, J. H.: Am. 
J. Cardiol. 3:676 (May) 1959. 3. Fuchs, M., and others: 
Monographs on Therapy 4:43 (April) 1959. 4. Montero, 
A. C.; Rochelle, J. B., Ill, and Ford, R.V.: Am. Heart J. 
57:484 (April) 1959. 5. Rochelle, J. B., 111; Montero, 
A.C., and Ford, R. V.: Antibiotic Med. & Clin. Ther. 6:267 Squibb Quality— 
(May) 1959. LITERATURE AVAILABLE ON REQUEST the Priceless Ingredient 


RAU TRAX 


RAUDIXIN (Squibb standardized whole root Rauwolfia Serpentina) / ADEMOL (Squibb Flumethiazide) / POTASSIUM CHLORIDE 


*RAUDIXIN + @,‘RAUTRAX’ AND ‘ADEMOL’ ARE SQUIBB TRADEMARKS 
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CONTENTS 


Editorial 


The Kidney in Health; The Nephron in Disease 
STANLEY S. FRANKLIN AND JOHN P. MERRILL 


Clinical Studies 


Renal Tubular Disease with Muscle Paralysis and Hypokalemia 
EpwarpD E. Owen AND JOHN V. VERNER, JR. 


A report of unusual interest which gives an account of ten cases of renal tubular acidosis in which 
the clinical course was dominated by episodic muscle paralysis due to hypokalemia. A variety of 
other manifestations are described, some new or but rarely recorded previously, such as a “‘hyper- 
dynamic circulation”’ in some instances, tetany, associated urinary sodium loss, and unusual mani- 
festations of muscle weakness due to hypokalemia; osteomalacia was conspicuously absent in this 
series. Appropriate electrolyte replacement therapy was as successful as it usually is in these cases. 
A lonog term follow-up, over five years in six of the patients, disclosed no overt further renal 


d eteriration. 


Periureteral Fibrosis, with a Diabetes Insipidus-like Syndrome Occurring with Pro- 
gressive Partial Obstruction of a Ureter Unilaterally 

DoNALD KNOWLAN, MICHAEL CORRADO, GEORGE E. SCHREINER 

AND ROGER BAKER 


The insidious spread of a chronic inflammatory retroperitoneal mass, to compromise one and then 
the other ureter and contiguous structures, results in a syndrome which is not so rare but what it 
deserves more attention than it has yet received. The clinical picture is well described in this paper, 
which cites three new cases. In one instance a curious syndrome resembling diabetes insipidus was 
noted. Reconstitution of the urinary outflow tract is surgically feasible, with excellent results in most 


cases; hence recognition in time is important. 


Chronic Idiopathic Jaundice. A Study of Two Afflicted Families 
RosBert L. Wotr, Murray PizETTE, ALEXANDER RICHMAN, DAvip A. 
DREILING, WALTER JAcoBS, OsCAR FERNANDEZ AND HANS POPPER 
While genetic transmission and hence familial occurrence of chronic idiopathic jaundice (Dubin- 


Johnson syndrome) has been generally assumed, the evidence for this assumption has been scanty. 
The present study provides additional data on this point, and illustrates the variation in expressivity 
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patient 


relief comes fast and comfortably 


—does not produce autonomic side reactions 
—does not impair mental efficiency, motor 
control, or normal behavior. 


Usual Dosage: One or two 400 mg. tablets t.i.d. 


Supplied: 499 mg. scored tablets, 200 mg. sugar- 
coated tablets or as MEPROTABS* —400 mg. 
unmarked, coated tablets. 


Miltown 


meprobamate (Wallace) 
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of the metabolic error which is presumed to underlie the disorder. Low orders of involvement occur 
which are difficult to recognize clinically and by laboratory study or even by close examination of 


the liver biopsy specimen. 


Familial Chronic Idiopathic Jaundice (Dubin-Sprinz Disease), with a Note on 


Bromsulphalein Metabolism in this Disease 
E. MAnpeMA, W. H. DE FRaiturE, H. O. NiEwec Anp A. ARENDS 


This study gives additional documentation of the familial (heritable) nature of chronic idiopathic 
jaundice, and of the clinically innocuous course of the disease in most patients. Of special interest 
in this report is the evidence for essentially normal pick-up and conjugation of bromsulphalein in 
the liver in this disorder and the characteristic impediment in secretion into the bile. As a conse- 
quence of the delayed secretion into the bile, there is regurgitation of bromsulphalein conjugates 
into the blood, and vicarious excretion of the conjugates by the kidney. 


Roentgenographic Determination of Total Lung Capacity. A New Method Evaluated 
in Health, Emphysema and Congestive Heart Failure 

Howarp J. BARNHARD, JOHN A. PiERCE, JOHN W. JOYCE 

AND JosEPH H. BaTEs 


An ingenious new roentgenographic method of calculating the total lung capacity is described. 
Comparison with conventional physiologic measurements of total lung capacity indicated good 
correlation in healthy young and old subjects, and patients with congestive heart failure, but 
poorer correlation in patients with emphysema. The significance of the latter finding is inform- 


atively discussed. 


Physiologic Dead Space in the Hamman-Rich Syndrome. Physiologic and Clinical 
RosBert A. B. HoLLAnD 


Implications 
In five well studied cases of Hamman-Rich syndrome the “‘physiologic dead space” was found to 
be increased. The meaning of physiologic dead space is carefully discussed and reasons for defining 
it in terms of blood gas tensions and not alveolar gas tensions are presented. 


Mechanisms of Anemia in Leukemia and Malignant Lymphoma 
JANE F. DesFrorGes, JEAN D. Ross AND WILLIAM C. MOLONEY 


The investigations provide additional data corroborating the role of hemolysis, often demonstrable 
only by red cell survival and iron turnover studies, in association with leukemia, malignant 
lymphomas and myeloproliferative disorders. Maintenance of normal numbers of red blood cells 
in the circulation under these circumstances of course depends upon the capacity of the bone mar- 
row to respond by sufficient erythropoiesis. The capacity to respond may be impaired by physical 
replacement of bone marrow elements by neoplastic tissue, or by hormonal depressants elaborated 
by neoplastic tissue at distant sites, or by both factors together. 
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ALEVAIRE® aerosol in the home 


in bronchiectasis 


“Thick, yellow, solid sputum which had been 
_ expectorated with difficulty became thin, color- 
less and liquid sputum which was expectorated 
with ease and gradually diminished in volume. 
Labored breathing and insomnia, . . . soon were 
replaced by easy respiration and ability to 
enjoy normal restful sleep.”’* 


CASE REPORT 
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completely free of symptoms 
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E has been dramatically effective in: 
Alevaire is supplied in bottles of 60 cc. for ¥ neonatal asphyxia (due to inhalation of 
intermittent therapy and in bottles of amniotic fluid, mucus obstruction, atelectasis) 
500 cc. for continuous inhalation therapy. * croup « laryngitis + tracheobronchitis 


pertussis pneumonia « bronchial asthma 


« emphysema « bronchiectasis + lung abscess 
call * pneumoconiosis * smoke, kerosene poisoning 
oliomyelitis (respiratory complications 
LABORATORIES ony P 


* routine oxygen therapy + tracheotomy 
NEW YORK 18, WN. Y. * prevention of postoperative 
pulmonary complications 
Alevaire, trademark reg. U.S. Pat. Off. 
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Review 


The Pathologic Physiology of Chronic Bright’s Disease. An Exposition of the ‘‘Intact 
Nephron Hypothesis” 
NEAL S. BRICKER, PETER A. F. MorRIN AND S. WESLEY KimE, JR. 77 


Dr. Bricker’s thesis is that in the progressive destruction of nephrons of the chronically diseased 
kidney, the surviving nephrons maintain their functional capacities essentially intact, irrespective 
of the etiology of the renal disease and despite morphologic implications to the contrary—this is the 
“intact nephron hypothesis.” Ingeniously contrived experiments lend support to this view. The 
concept is expanded in a refutation of the role of “‘glomerular-tubular imbalance”’ in the successive 
stages of functional impairment and clinical deterioration in progressive renal insufficiency. 


Seminar on Mycotic Infections 


Actinomycosis and Nocardiosis. A Review of Basic Differences in Therapy 
JosEpH W. PEABopy, JR. AND JOHN H. SEABURY 99 


Although actinomycosis and nocardiosis are invariably bracketed because of their many similar- 
ities, they are, as this discussion brings out, clearly distinct diseases requiring different therapy. Both 
mycoses are lucidly described. In the case of actinomycosis, penicillin is shown to be the thera- 
peutic agent of choice but it must be given in adequate and prolonged dosage, with such com- 
plementary medical and surgical measures as may be required; the outlook for cure is then favor- 
able. In the case of nocardiosis, an organism more resistant to therapy, the choice of drug depends 
on in vitro sensitivity tests but sulfadiazine is presently the keystone of treatment. Hitherto invari- 
ably fatal, there is now a distinct possibility of cure if the infection is treated early, appropriately 
and persistently. 


Climcopathologic Conference 


Pulmonary Infiltration, Diarrhea, Weight Loss and Fever . . . . . . . . 116 


Clinicopathologic Conference (Washington University School of Medicine). 


Case Reports 


Fatal Nephritis in Chronic Phenacetin Poisoning 
SyLvAN E. AND IvAN B. SMITH 


A case report and discussion of considerable interest. 


Severe Hypoglycemia after the Ingestion of a Sulfonylurea Compound 
Marvin A. SACKNER AND Lucy J. BALIAN 


Administration of chlorpropamide in larger than usual dosage caused a severe and prolonged 
hypoglycemic reaction with persistent cerebral effects. 
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CLINICAL BRIEFS FOR MODERN PRACTICE 


WHY IS DIABETES IN INFANTS 
SO DIFFICULT TO DIAGNOSE? 


Because of the infrequency of the disease in 
this age group, its sudden onset, the profusion 
of inconsistent presenting symptoms, and be- 
cause the accompanying symptoms of anorexia 
and vomiting are also characteristic symptoms 
of many other ills of infancy. 

"Source: Traisman, H. S.; Boehm, J. J., and Newcomb, 
A. L.: Diabetes 8:289, 1959. 

for those pediatric puzzlers...“A routine urinalysis 
and blood sugar should be done whenever the 


possibility of diagnosing diabetes is entertained.”’* 
the standardized urine-sugar test for reliable quantitative estimations 


== COLOR-CALIBRATED 
CLINITEST” 


BRAND Reagent Tablets 84060 


AN AMES CLINIQUICK’ 


DIABETES MELLITUS AT AGES 1 T0 5 
Order of Frequency of Presenting Symptoms in 110 
Patients 

No. of Per cent of 
Symptoms Patients total group 
Polyuria 93 84.5 
Polydipsia 89 81.0 
Weight loss 47 42.7 
Polyphagia 28 25.4 
Anorexia 16 14.5 
Lethargy 14 12.7 
Enuresis 7 6.4 
Vomiting 5 4.5 
Irritability 3 2.7 
“Craving for sweets” 3 2.7 
“Sticky diaper” 3 2.7 
“Strong odor to urine” 2 1.8 
Glycosuria 2 1.8 
Hypoglycemia 2 1.8 
Personality change 1 0.9 
Boils 1 0.9 
Headache 1 0.9 
Abdominal cramps 1 0.9 
Adapted from Traisman, H. S.; Boehm, J. J., and New- 
comb, A. L.* 


e full-color calibration, clear-cut color changes 

e established “plus” system covers entire critical range 
¢ standard blue-to-orange spectrum 

e standardized, laboratory-controlled color scale 
 “urine-sugar profile” graph for closer control 
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Rupture of an Intrahepatic Aneurysm Due to Polyarteritis Nodosa 
EPHRAIM GLASSMAN AND Puiuip V. SKERRETT 


An informative case. 


Idiopathic Hypoparathyroidism Presenting with Seizures. A Patient Exhibiting 
Mobilization of Lead During Treatment 
ALAN F. HOFMANN AND J. DONALD SMILEY 


A report of unusual interest. 


Coexistent Addison’s Disease and North American Blastomycosis 
Rosert G. FisH, TimotHy TAKARO AND MARTHA LOVELL 


An instructive case. 


Addison’s Disease Secondary to Adrenocortical Destruction by Metastatic Carcinoma 
of the Breast . . . . . JoHN A. GALLOWAY AND WILLIAM H. PERLOFF 


The authors make a point of interest. 


Isolated Congenital Pulmonic Valvular Regurgitation. Diagnosis by Cardiac Cathe- 
terization and Angiocardiography 

N. PERRYMAN COLLINS, EUGENE BRAUNWALD AND ANDREW G. Morrow 
Isolated congenital pulmonic valvular regurgitation is a rare clinical entity and, as in this case, 
is usually symptomatic. The lesion was securely established by precise cardiac catheterization 
and angiocardiographic technic. 
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Change of address must reach us one month preceding month of issue. 
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HYPERTENSION 


‘When chlorothiazide is used, lower and, hence, less 
toxic dosages of other antihypertensive agents become 
effective in controlling blood pressure. Chlorothiazide 
does not reduce blood pressure in normotensive 
subjects, although the drug induces the same 

increase in salt excretion.” 


Freis, E.D.: J.A.M.A. 169:105, (Jan. 10) 1959. 


Dosage: One 250 mg. tablet DIURIL b.i.d. to 
one 500 mg. tablet DIURIL t.i.d. 


DIVRIL 


CHLOROTHIAZIDE 


a continuing 

and consistently 
outstanding record 
of safety and 
efficacy in: 


Supplied: 250 mg. and 500 mg. scored tablets DIURIL 
(Chlorothiazide). DIURIL is a trademark of Merck & Co., Inc. 
Additional information is available to the physician on request. 


MERCK SHARP & DOHME 
S }®) pivision of Merck & Co., Inc., Philadelphia 1, Pa. 


©1959 Merck & Co., INC. 
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INTRODUCING 


ISORDIL 


a new 


coronary vasodilator 
of 
unprecedented effectiveness 


for 


angina pectoris 
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rapid onset 
prolonged action 
consistent effect 
unusual safety 


lsorbit significantly reduces the number, duration, and severity of anginal at- 
tacks, often when other long-acting coronary vasodilators fail. Exercise tolerance 
is increased, pain decreased, and the requirements for nitroglycerin either drasti- 
cally curtailed or eliminated. 

Isorpiz acts rapidly in comparison with other prophylactic agents, and patients 
usually experience benefits within 15 to 30 minutes. The effects of a single dose 
of Isorpit persist for 4 to 5 hours. Thus, for most patients, convenient q.i.d. 
administration is highly satisfactory. 

The only side effect observed has been transitory, easily controlled headache, 
normally considered an expression of effective pharmacodynamic activity.' The 
toxicity of IsorpiL is extremely low, approximately 50 times the therapeutic dose 
being required to produce toxic symptoms. 


Sherber,2 summarizing his experience with Isorpit, states it is ‘‘the most 
effective medication for the treatment of coronary insufficiency available today.”’ 


IVES-CAMERON COMPANY « New York 16, New York 


| 
aS 
_ 


Isosorbide Dinitrate, lves-Cameron 


Clinical and Laboratory Data 
Confirm Superiority 


Succeeds where others fail: 


Among 48 patients? previously treated with other 
coronary vasodilators, chiefly pentaerythritol tetrani- 
trate, ISORDIL was demonstrably superior in 37, 
equivalentin 9, andinferiorin 2. Responseof patients 
treated in all studies’ was 85% good, 7% fair, and 


8% poor 


Markedly reduces number of anginal attacks: 


Albert’ found that of 29 patients receiving ISORDIL, 
25 responded well, 1 moderately well, and 1 not at 
all. Effectiveness could not be judged in 2 patients. 
For those who responded well, the frequency of 
anginal attacks was quickly reduced from a daily 
average of 5 to 1.2. Continued use of ISORDIL fur- 
ther reduced the frequency of attacks. 


Increases tolerance to exercise and stress: 


Electrocardiographic response following the Master 
two-step test has clearly established a more favor- 
able balance between oxygeii supply and demand to 
the myocardium with ISORDIL therapy. Eight of 10 
patients administered ISORDILin studies by Russek® 
showed considerably less abnormality in the post- 
exercise electrocardiogram than before treatment. 


Rapid onset and prolonged action a function of 
solubility and metabolism: 


Pharmacologic studies indicate that the rapid onset 
and prolonged action shown by ISORDIL are related 
to its high solubility and low rate of metabolism.’ 
Incubation with liver slices suggest rapid absorption 
and delayed inactivation by the liver. 
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Master Test Responses (Lead V4) in a 58 
Year-Old Male with Angina Pectoris® 


Placebo 


30 Min. after 


ISORDIL 


4 Hrs. after 
ISORDIL 


unprecedented effectiveness 


*Trademark 


Resting Control 2 Min. After bec 


Sapes 


+ 


in angina pectoris 
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e NEW—for more effective control of angina pectoris 


e Reduces number, duration, and severity of anginal attacks 


“Isordil Is a new and effective agent for 
therapy of angina pectoris.’’—Russek’ 


Composition: Each white, scored tablet of ISORDIL (Isosorbide Dinitrate) contains 10 mg. of 
1,4,3,6-dianhydro-sorbitol-2, 5-dinitrate. 


Action: Following oral administration of ISORDIL, the effects of coronary vasodilatation are 
apparent within 15 to 30 minutes and persist for 4 to 5 hours. 


Indications: ISORDIL is indicated for the therapeutic and prophylactic management of angina 
pectoris and coronary insufficiency. It is often useful in patients only partially responsive to 
other long-acting coronary vasodilators. 


Dosage: ISORDIL is administered orally. Average dose is one tablet(10 mg.) taken one half hour 
before meals and at bedtime. Individualization of dosage may be necessary for optimum 
therapeutic effect; dosage may vary from 5 mg. to 20 mg. q.i.d. 


Side Effects: Side effects are few, infrequent, and mild. Transitory headache, common to effec- 
tive nitrate or nitrite therapy, has occurred. This usually responds to administration of acetyl- 
salicylic acid, and disappears with continued therapy. When headache is persistent, reduction 
in dosage may be required. 


Caution: ISORDIL should be given with caution in patients with glaucoma. 


Supplied: Bottles of 100. 


References: 1. Riseman, J.E.F., et al.: Circulation 17:22-39 (Jan.) 1958. 2. Sherber, D.A.: 
Personal Communication (Oct., 1959). 3. Case Reports on File, lves-Cameron Company 
(1958-1959). 4. Summary of Case Reports on File, lves-Cameron Company (1958-1959). 5. 
Albert, A.: Personal Communication (Oct., 1959). 6. Russek, H.I.: Personal Communication 
(Oct., 1959). 7. Harris, E., et al.: Personal Communication (Oct., 1959). 
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brought 78 


of 86 habitual aborters to full-term. Nugestoral helps by providing in each daily dose of three 


tablets 45.0 mg. Progestoral® 


* 


nancies 


(ethisterone), 525.0 mg. vitamin C, 487.5 mg. purified hesper- 


With the addition of Nugestoral to their anti-abortive regimen, Murphy et al. 
idin, 6.0 mg. vitamin K, 10.5 mg. vitamin E. Boxes of 30 and 100. 


Organon Inc. 
Orange, New Jersey 


NUGESTORAL 
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ELIXIR ALURATE DISRUPTS TENSION 


Dependable, prompt-acting daytime sedative. 


Broad margin of safety. Virtually no drowsiness. Over a quarter century of successful clinical use. 
Alurate is effective by itself and compatible with a wide range of other drugs. To avoid barbiturate 
identification or abuse, Alurate is available as Elixir Alurate (cherry-red) and Elixir Alurate Verdum 
(emerald-green). 


Adults: 14 to 1 teaspoonful of either Elixir Alurate or Elixir Alurate Verdum, 3 times daily. ALURATE®—brand of aprobarbital. 


ROCHE  asorarorics « Division of Hoffmann-La Roche Inc ¢ Nutley 10, N.J. 
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The superior effectiveness of DIABINESE increases the chance 
of success of oral therapy in your diabetic patients. More- 
over, in properly regulated dosage, DIABINESE ts free from 
significant incidence of serious side effects. Incidentally, 
your patients will appreciate the economy possible (savings 
up to 50%) when DIABINESE is the oral therapy selected. 


SINESE 


economical once-a-day dosage — 


Phi zerM) Science for the world’s well-being™ 


® 


brand of chlorpropamide 


| 
| 
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the oral antidiabetic most likely to succeed 


when replacement or reduction of insulin is desirable... 


“Patient B. G. ... , a 64-year-old white male with diabetes of 5 years’ duration regulated 
by 64 units of NPH and regular insulin...The effective replacement of so large a dose of 
insulin by so small a dose of sulfonylurea [250 mg. DIABINESE/day] is striking.” 


Beaser, S. B.: Ann. New York Acad. Sc. 74:701, 1959. 


when other oral therapy has failed... 


“Eleven diabetic patients who responded poorly to tolbutamide were treated with chlor- 
propamide. All responded better to chlorpropamide at considerably lower daily dosages 


in most cases.” 


Knauff, R. E.; Fajans, S.S.; Ramirez, E., and Conn, J.W.: 
Ann. New York Acad. Sc. 74:603, 1959. 


when dietary control proves impractical... 
“Six patients were selected for a trial with chlorpropamide. These were all persons who 
had stable diabetes of the adult type and who could not be controlled by dietary manage- 
ment alone... 

“It can be seen that in all cases satisfactery postprandial control of the patient was obtained 
with chlorpropamide in varying doses.” 

Radding, R. S.: Texas J. Med. 55:110, 1959 


economical once-a-day dosage 


DIABINESE 


brand of chlorpropamide 


available as 100 mg. and 250 mg. scored tablets 


For complete information write to the Medical Department, PFIZER LABORATORIES Division, Chas. Pfizer & Co., Inc. Brooklyn 6, New York 
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the oral antidiabetic most likely to succeed 


brand of rescinnamine 


Jor better management of | hypertension 


a purified alkaloid of rauwolfia... lessens the 
frequency and/or severity of these reserpine 
side effects: 


mental depression bradycardia sedation weakness 
fatigue lassitude sleepiness nightmares 
* gastrointestinal effects 


useful alone for gradual, sustained lowering of blood 
pressure in mild to moderate labile hypertension 


useful as an adjunct to other antihypertensive agents, 
permitting their use in lower, better tolerated dosage 


Professional information available on request 


PFIZER LABORATORIES Division, Chas. Pfizer & Co. Inc., Brooklyn 6 N.Y. Science for the world’s well-being™ 
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Kravitz, C., and Markson, V.: Clinical experiences with warfarin (Coumadin) sodium as an anticoagulant, J 
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coagulant Coumadin®™ (warfarin) Sodium, Arizona med. \3:389, Oct., 1956. 16. Nicholson, J. “ and Leavitt, T., 
Coumadin (warfarin) Sodium: A new anticeaquiani, “ew England J. Med. 255:491, Sept. 13, 1956. 17. Clatanoff, 
and Meyer, O. O.: Further observations on use cf werfarin sodium in anticoagulant therapy, Arch. Int. 
97 :753, June, 1956. 18. Freeman, D ome Rectal administration of warfarin (Coumadin), od 
Sodium [3 (2-acetonyl-benzyl)-4 hydr-:):.7:2unta-n’, Proc. Seey Exper. Biol. & Med. 92:52, May, 1956. 19. Pollock, E 
Ginical experience with Coumadin Sucium, a new amicougulant drug, Angiology 6:506, Dec., 1955. 20. Pollock, & 
Clinical experience with warfarin (Coumadin) soriim, a new anticoagulant, J.A.M.A. 159:1094, Nov. 12, 1955. 21. 
piro, $.: The hypoprothrombinemia-inducing activity of warfarin sodium (Coumadin”™ Sodium), J. Kansas M. Soc. : 
Dec., 1954. 22. Clatanoff, D. V.; Tiiggs, P. O., anc Meyer, ©. ©.: Clinica! 2:cerience with in anti 
warfarin and warfarin sodium, AMA. Arch, int. Med. 94:21., Aug., 25. $.: Warfarin sodium ¢ 
(Coumadin® Sodium): An intravenous aaent. Anaiclogy 4:380, Aug., 1953. 


Other published literature referring COUMADIN 


24. Escudero, J.; McDevitt, E., and Weight, 1. S.; Dicume:ai, Coumadin, Marcumar Trome 
their action on the clot as registered.by the thrombelastcyram, Circulafion 279-402 Sept., , i ' 
Little strokes, West Virginia M. J. 55:259, Aug., 1959. 24. Wrignt, t. 3.: Strokes he pres. 
treatment, Postgrad. Med. 25:549, May, 1959. 27. Little, J. &.. reated 
lation, J.A.M.A. 169:104, Jan. 3, 1959. 28. Link, K. P.: ‘he discovery of Dicumar=:and its’ 
Jan., 1959. 29. Kleiner, |. S., and Orten, J. M.: Human Bicchemisirs, em. 3, St. Loui-’ 
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Goumadin is the original 
and only warfarin sodium 
responsible for 
establishing this drug as 
“the best anticoagulant 
available today” 

(over 90 published papers since 1953) 


GOUMADIN 


FOR ORAL, INTRAVENOUS OR INTRAMUSCULAR USE a OD iT M 


IN MYOCARDIAL INFARCTION 
AND OTHER THROMBOEMBOLIC DISORDERS 


TABLET 


thrombin time determinations. 


INJECTION Coumaoin (warfarin) Sodium is manufactured under license from 


Complete Information and Reprints on Request 


ENDO LABORATORIES Richmond Hill 18, New York 
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aS AVERAGE DOSE 

For oral administration—2 mg., lavender, scored; 5 mg., peach, Initial, 50 mg. Maintenance, 5-10 mg. daily, as indicated by pro- 
scored; 10 mg., white, scored; 25 mg., red, scored. Pe 
For parenteral administration — Single Injection Units, consist- the Wisconsin Alumni Research Foundation...clinically estab- 
ing of one vial, 75 mg., and one 3-cc. ampul Water for Injection. lished by Endo. 


DIUPRES -- with DIUPRES, 


plus other fewer patients 
antihypertensive "require addition 
agents : | of other anti- 
hypertensive 
agents 
& 
alone is adequate 
by itself 
“for many 
hypertensives 


DIUPRES PROVIDES “BROAD-BASE”’ ANTIHYPERTENSIVE THERAPY 
... is effective by itself in a majority of patients with mild or moderate 
hypertension, and even in many with severe hypertension 
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greatly improved 
and simplified management 


of 
hypertension 


D 


DIURIL, WITH RESERPINE 


the first “wide-range” antihypertensive—effective in mild, moderate, and severe hypertension 


* more hypertensives can be better controlled with DIUPRES alone 
than with any other agent... with greater simplicity and 
convenience, and with decreased side effects 

* can be used as total therapy or primary therapy, 
adding other drugs if necessary 

* in patients now treated with other drugs, can be used as 
replacement or adjunctive therapy 

* should other drugs need to be added, they can be given in much 
lower than usual dosage so that their side effects 
are often strikingly reduced 

* organic changes of hypertension may be arrested and reversed... 
even anginal pain may be eliminated 

* patient takes one tablet rather than two... 
dosage schedule is easy to follow 


* economical 


DI UPRES- 500 500 mg. DIURIL (chlorothiazide), DIVPRES- 25 0 250 mg. DIURIL (chlorothiazide), 


0.125 mg. reserpine. 
One tablet one to four times a day. 


0.125 mg. reserpine. 


One tablet one to three times a day. 


@=BMERCK SHARP & DOHME, DIVISION OF MERCK & CO., INC., PHILADELPHIA 1, PA. 


DIUPRES DIURIL (ctorotHiazive) ARE TRADEMARKS OF MERCK & CO., INC, 
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tranquilization 


greater specificity 

of tranquilizing action 

—divorced from such 

“diffuse” effects as \ 

anti-emetic action ‘ 
—explains why 


THIORIDAZINE HCl 


Thioridazine |MELLARIL| is as effective as the best available phenothiazine, but with appreciably « 
less toxic effects than those demonstrated with other phenothiazines. ... This drug appears to rep- 
resent a major addition to the safe and effective treatment of a wide range of psychological dis- 


turbances‘seen daily. in 4he clinics or by the general practitioner.” 


| 10 | 


a new advance in tranquilization: 
greater specificity of tranquilizing action results in fewer side effects 


s 
Ch QO SCH, The presence of a thiomethyl radical (S-CH;) is unique in 

| Vellaril and could be responsible for the relative absence of 


in on side effects and greater specificity of psychotherapeutic action. 
.. This is shown clinically by: 


CH, 


{ A specificity of action on certain brain sites in 


contrast to the more generalized or “diffuse” 
action of other phenothiazines. This is evidenced 
by a lack of appreciable anti-emetic effect. 


MELLARIL 


PSYCHIC RELAX 


inimal suppression of vomiting tranquilization 


ttle effect on blood pressure 
d temperature regulation 


Less “‘spill-over” action to other brain areas — 
hence, absence of undue sedation, drowsiness or 
autonomic nervous system disturbances. 


A notable absence of extrapyramidal stimulation. 


g suppression of vomiting 


parasympat pening of blood pressure 
nervous sy 7 temperature regulation 


Lack of impairment of patient’s normal drive and energy. 


Virtual freedom from such toxic effects as 
nenitiaiaedepe jaundice, photosensitivity, skin eruptions, 
ne- 
blood forming disorders. 


tranquilizers 


INDICATION 


USUAL STARTING DOSE 


TOTAL DAILY DOSAGE RANGE 


ADULTS: Mental and Emotional Disturbances: 
MILD —where anxiety, apprehension and tension are present 
MODERATE—where agitation exists in psychoneuroses, alco- 
holism, intractable pain, senility, etc. 
SEVERE — in agitated psychotic states as schizophrenia, manic 


depressive, toxic psychoses, etc.: 
Ambulatory 
Hospitalized 


10 mg. t.i.d. 
25 mg. t.i.d. 


100 mg. t.i.d. 
100 mg. 


20-60 mg. 
50-200 mg. 


200-400 mag. 
200-800 mg. 


CHILDREN: BEHAVIOR PROBLEMS IN CHILDREN 


10 mg. tid, 


20-40 mg. 


MELLARIL Tablets, 10 mg., 25 mg., 100 mg. 


*Ostfeld, A. M.: Scientific Exhibit, American Academy 
of General Practice, San Francisco, April 6-9, 1959. 
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SPECIFIC 


Avoids unnecessarily 
diffuse or diverse 
drug action; effec- 
tive in economical 
once-a-day dosage 


ESTABLISHED 


6-year record of suc- 
cessful use in daily 
practice; consisten 

favorable reports 


UNCOMPLICATED 


Has no known contraindi- 
cations; free of hepatic, 
hypotensive, and hemato- 
logic hazards observed brand of meclizine hydrochloride 
with phenothiazines FORMERLY 


SUPPLIED: 
BONINE Tablets, scored, 25 mg. 


BONINE Chewing Tablets, 
mint-flavored, 25 mg. 


BONINE Elixir, cherry-flavored, ideal for 
children, 12.5 mg. per teaspoonful 6 cc.). 


DOSAGE: Adults, 25 to 50 mg. once a day. 
Children, usually half the adult dose. 


BONINE REFERENCES: 


1. Moyer, J. H.: M. Clin. North America, Mar., 
1957, p. 405. 


2. Seidner, H. M.: illinois 109:20, 
3. Charles, C. M.: Geriat’. s 


4. Weil, L. L.: J. Flori’ “ad “Ser ws 
4:9 No. 3, 1954. 


(BON’-EEN) 6. Semr- 1857, 
- _ and Moyer, J. H.: GP 14;124, . 


(FORMERLY CALLED 


956. 


~ McL., and Bryans, C. 
0 NA 1956. 
10. Repor 


Motion Sicknes- :755, 


is the new name 
for the SAME 
superior product 


Pfizer, Science for the world's wel 


PFIZER LABORATORIES Division, Chas. Pfizer & Co., Inc. Brooklyn 6, New 


*Trademark 
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When summoned to the home of the patient, the physician found him on the floor 
in a paroxysm of pain due to an acute attack of renal colic spasm. Two injec- 
tions of meperidine given at close intervals failed to provide relief. Approxi- 
mately three hours later the patient (who had been hospitalized) was given 
an injection of "MUREL." In five minutes the spasm was completely controlled. 


Case history based on Medical Records, Ayerst Laboratories 


NOW 
YOU 
CAN 


RESCRIBE 


Sustained Action Tablets 


in G.L, G.U. and BILIARY eS\LASM HOWEVER SEVERE 
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IN G.I., G.U. and BILIARY SP4SM 
HOWEVER SEVERE 


Medical reports'* confirm the broad clinical 
usefulness and unusual freedom from side ef- 
fects of ‘““MUREL,” based on its selective spas- 
molytic properties, effectiveness in low dosage, 
and rapid detoxification and excretion. 
“MUREL” is a triple-acting, synergistic spas- 
molytic — anticholinergic, musculotropic, 
ganglion-blocking—providing optimal control 
of smooth muscle spasm. “MUREL” is also valu- 
able as an adjunct in peptic ulcer therapy. 


NOW YOU CAN PRESCRIBE 


"Murel:s.A. 


HEW 
Sustained Action Tablets 


FOR PROMPT, CONTINUOUS AND PRO- 
LONGED ANTISPASMODIC ACTION FOR 
6 TO 9 HOURS WITH A SINGLE TABLET 


“MUREL”-S.A. Sustained Action Tablets No. 315— 
40 mg. Valethamate bromide. 1 tablet b.i.d. 

“MUREL” with Phenobarb-S.A. Sustained Action 
Tablets No. 319 — 40 mg. Valethamate bromide and ™% gr. 
phenobarbital, present as the sodium salt. 1 tablet b.i.d. 


also available 
**MUREL”’ Tablets No. 314—10 mg. Valethamate bromide, 1 or 
2 tablets q.i.d. 


**MUREL” with Phenobarbital Tablets No. 318—10 mg. 
Valethamate bromide and % gr. phenobarbital. 1 or 2 tablets q.i.d. 


‘“*MUREL”’ Injectable No. 405— 10 mg. Valethamate bromide 
per cc. 1 to 2 cc. LV. or I.M. every 4 to 6 hours up to a maximum 
of 60 mg. in 24 hour period. Maintenance: Orally. 


The higher dosages of “MUREL” are recommended in early therapy 
and in G.U. and biliary tract spasm. 


1. Peiser, U.: Med. Klin. 50:1479 (Sept. 2) 1955. 2. Berndt, R.: Arzneimittel- 
Forsch. §:711 (Dec.) 1955. 3. Rostalski, M.: Zentralbl. Gynak. 78:1153 (July 21) 
1956. 4. Holbrook, A. A.: Am. Pract. & Digest Treat. 10:842 (May) 1959. 


AYERST LABORATORIES 


New York 16, N. Y. Montreal, Canada 


6001 


RUB 
SALT 


IN HIS 
CARDIAC 
WOUND 


Modern saluretics may seem to have made un- 
limited salt intake possible for cardiac and 
hypertensive patients. Yet despite the improve- 
ments in diuretic therapy, sodium restriction 
is still important in the prophylaxis of edema. 
The wise physician does not add needlessly to 
the burden of his patient, nor test unneces- 
sarily the power of the drugs he prescribes. It 
makes good sense to him to prescribe DIASAL 
—which looks, tastes and flavors food exactly 
like salt . . . but is sodium free. 


Diasal contains potassium chloride, glutamic acid and 
inert ingredients. Supplied in shakers and 8 oz. bottles. 


® 


sodium-free salt substitute 


FOUGERA 


E. Fougera & Co., Inc. * Hic*sville, New York 
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AP ACTHAR 


unsurpassed 
in ACTH therapy 


The most extensive clinical and experi- 
mental background. 


The most widely used in practice. 


With a documented record of safety not 
matched by any other drug of cofmpara- 
ble action, scope and efficacy. 


And a therapeutic effect of rapid onset, 
lasting up to 72 hours. 

HP* ACTHAR’ Ge’ is fluid at room tem- 
perature and as convenient to inject as 
any other aqueous preparation. 


HP* ACTHAR  Gel/is the Armour Pharmaceutical 
Company brand of Purified Repository Corticotro- 
pin (ACTH) 

Available in 5 cc. vials. of 20, 40, 80 U.S.P 
Units/cc. Also in a disposable syringe form, in 
a potency of 40 U.S.P. Units 


*Highly Purified 


ARMOUR PHARMACEUTICAL COMPANY 


KANKAKEE, ILLINOIS 


Armour Means Protection 


1959, A. P. Co 
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promptly curbed by homarylamine—non-narcotic antitussive with the 


approximate potency of codeine. 
combated by three nonsystemic antibiotics—each active against 
common mouth and throat pathogens, all with relatively low sensitization 


potentials. 
soothed by benzocaine—a topical anesthetic that promotes pro- 


longed relief of inflamed or irritated tissues. 


® 


troches 


Homarylamine - Bacitracin - Tyrothricin - Neomycin - Benzocaine 
Overwhelmingly selected by a taste panel. 

Available to your patients on your prescription only. 

DOSAGE: Three to five troches daily for three to five days. 

SUPPLIED: Vials of 12. 


mQo MERCK SHARP & DOHME DIVISION OF MERCK & CO., INC., PHILADELPHIA 1, PA. 


PENTAZETS is a trademark of Merck & Co., Inc. 


stop as well as prevent 
nausea and vomiting 


‘ligan 


now in oral, 
parenteral, and 
suppository forms 


effective but not 
“‘side effective’’ 


Tigan blocks emetic impulses 
at the chemoreceptor trigger 
zone (CTZ),! a medullary 
structure activating the 
vomiting center. While Tigan 
shares with the phenothia- 
zines the mode of antiemetic 
action, this is their only simi- 
larity. In extensive clinical 
studies? Tigan, unsur- 
passed in specificity, has ex- 
hibited a virtually complete 
absence of side effects. Tigan 
has demonstrated no seda- 
tive or tranquilizing proper- 
ties, no hypotensive or 
supramedullary effects, no 
extrapyramidal tract stimu- 
lation or hepatic toxicity.27“ 
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in nausea/vomiting 
of gastrointestinal 
disorders 


in nausea /vonuting 
of pregnancy 


in nausea/vomiting 
of radiation sickness 


in nausea/vomiting 
of drug 
administration 


“Ty 


no sedative properties 


no tranquilizer side effects 


TIGAN® Hydrochloride— 


4-(2-dimethylaminoethoxy)- 
N-(3,4,5-trimethoxybenzoyl) 
benzylamine hydrochloride 
ROCHE® 


ROCHE fi 
LABORATORIES 
Division of 
Hoffmann-La Roche Ine. 
Nutley 10, N.d. 


no special precautions— 
no known contraindications 


Complete or moderate relief in 78 per cent of 
acute or chronic gastroenteritis patients ;!° ‘‘We 
did not find a single toxic reaction ... no side 
effects, such as sedation, skin rash . . . no changes 
in pulse, respiration, or . . . blood pressure.’’!% 


No evidence of sedation or other side effects!* 
observed in a series of patients of whom 94 per 
cent became asymptomatic on Tigan. On other 
antiemetic medication, several had failed to re- 
spond or had complained of drowsiness." 


Protected with Tigan ‘‘. .. not one patient had to 
discontinue [deep radiation] treatments. .. .’5 


‘*.. large intermittent dose[s] of [nitrogen mus- 
tard and other drug] therapy could be given with- 
out the associated nausea and vomiting that we 
had seen before.’’* 


specific 
antiemetic 
antinauseant 


Suggested uses: Both prophylactic and therapeutic con- 
trol of nausea and vomiting associated with pregnancy, 
travel sickness, gastrointestinal disorders, operative pro- 
cedures, carcinomatoses, toxicoses, other underlying dis- 
ease processes, drug administration and radiation therapy. 


Dosage: Adults — 1 or 2 capsules, orally, 2 ce intramuscu- 
larly, q.i.d. or 1 suppository, q.i.d. For children’s dosage, 
consult literature. 


In nausea and vomiting of pregnancy — Satisfactory con- 
trol is usually achieved with an initial dose of two capsules 
immediately upon awakening. If possible, the patient 
should remain in bed for one-half to one hour following 
this dose. When nausea and vomiting are not confined to 
the morning hours, supplemental doses of one or two cap- 
sules should be given throughout the day at intervals of 


three to four hours. 


How Supplied: Tigan capsules, 100 mg, blue and white — 
bottles of 100 and 500. Tigan ampuls, 2 ce (100 mg/ee)— 
boxes of 6 and 25. Tigan Pediatric Suppositories, 200 mg, 
boxes of 6. 


References: 1. W. Schallek, G. A. Heise, E. F. Keith and R. E. Bagdon, 
J. Pharmacol. & Exper. Therap., 126:270, 1959. 2. W. B. Abrams, I. Roseff, 
J. Kaufman, L. Goldman and A. Bernstein, to be published. 3. I. Roseff, 
W. B. Abrams, J. Kaufman, L. Goldman and A. Bernstein, J. Newark Beth 
Israel Hosp., 9:189, 1958. 4. O. C. Brandman, paper read at Colloquium on 
the Pharmacological and Clinical Aspects of Tigan, New York City, May 15, 
1959. 5. J. A. Lucinian, ibid. 6. D. W. Molander, ibid. 7. B. I. Shnider, 
ibid. 8. W. S. Derrick, ibid. 9. B. Wolfson and F. F. Foldes, ibid. 10. 
L. McLaughlin, ibid. 11. Reports on file, Roche Laboratories. 12. Personal 
communications. 13. W. K. Gauthier, Discussant at Colloquium on the 
Pharmacological and Clinical Aspects of Tigan, New York City, May 15, 
1959. 14. H. E. Davis, ibid. 
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coming on 


Wall e. 


migraine « recurrent “sick” headaché atypiegl migraine? 
Pe 


“ergomar 


sublingual ergotamine tartrate tablets — 


@ faster than any oral tablet—faster than the 
time needed to obtain, prepare and give an 
injection, and get an effect. Tablets dissolve 
under the tongue within 30 seconds, effects 
start with the speed of circulation time, relief 
in the 90 per cent range is established within 
10 to 15 minutes. 


STOPS THE ATTACK WITH 
“PARENTERAL” SPEED AND 
SUBLINGUAL CONVENIENCE 


@ the tiny sublingual tablets can be placed 
under the tongue any time, anywhere—no 
need for water, privacy, or sterile precautions. 
Supplied: Ergomar Sublingual Tablets,* 2 mg. ergot- 
amine tartrate per tablet, in specially designed dis- 
penser package of 12 tablets. For patient economy 
and convenience, we suggest prescribing 12 tablets. 


tbrand of specially processed ergotamine tartrate, patent pending 


KEEPS MORE PATIENTS HEADACHE-FREE MORE EFFECTIVELY 


<N NORDSON PHARMACEUTICAL LABORATORIES, INC. * Irvington, New Jersey 
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B-vitamins or 
ascol 
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saturation doses - the hard way! 


Each of these food portions con- In each Allbee with C: As much as:* 

tains a saturation dose of one of Thiamine mononitrate (B,) 15mg. 6.9 Ibs. of fried bacon 
the water-soluble B vitamins or C. Riboflavin (B,) ...... 10mg. 31% ozs. of liverwurst 
The easy way to provide such quan- Pyridoxine HC! (Bs)... 5mg. 2 Ibs. of yellow corn 
tities of these vitamins with speed, Nicotinamide 50mg. 11 ozs. of roasted peanuts 
safety and economy is to prescribe Calcium pantothenate 10mg. ‘% lb. of fried beef liver 
Allbee with C. Recommended in Ascorbic acid (Vitamin C) 250mg. % Ib. of cooked broccoli 


pregnancy, deficiency states, digeS- These common foods are among the richest sources of B vitamins and as- 
tive dysfunction and convalescence.  corbic acid. H.A. Wooster, Jr., Nutritional Data, 2nd Ed., Pittsburgh, 1954. 
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A. H. ROBINS COMPANY, INC. 
RICHMOND 20, VIRGINIA 
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the beauty 
of these 
antituss1ves: <> 


/ 
Dimetane® Expectorant 


Robitussin® 


Dimetane® Expectorant-DC 


3 
a 
i 
\ 
' 
j i 
4 \ 
| 
‘ 
\ 
| 


they help the cough remove its cause 


These elegant antitussives comprise a group of signifi- 
cantly superior expectorants from which you may select 
the formula best suited for your coughing patient. 


First of all, they have more in common than mere 
delectability to eye and palate: they all include glyceryl 
guaiacolate. This remarkable expectorant aids the 
coughing mechanism by increasing the secretion of 
Respiratory Tract Fluid,’ which helps liquefy sputum,*” 
makes bronchial and tracheal cilia more efficient,’ 
and acts as a demulcent.'*° Through its effects, all four 
expectorants promote the natural purpose of the cough, 
which is to remove the irritants that cause it.” 


In addition, the Robins antitussive armamentarium 
provides a choice of widely accepted drugs in various 
combinations with glyceryl guaiacolate for treating 
different kinds of coughs and associated symptoms. For 
antihistaminic effects, there is Dimetane® or prophen- 
pyridamine; for bronchodilation and nasal deconges- 
tion, there are sympathomimetic agents; and for 
suppression of the “too frequent” cough, there is 
codeine or dihydrocodeinone. 


Robitussin® 


Each teaspoonful contains: 
Glyceryl guaiacolate 


Robitussine A-C 


Each teaspoonful contains: 

Glyceryl guaiacolate 
Prophenpyridamine maleate... 7.5 mg. 
Codeine phosphate 

(exempt narcotic) 


Dimetanee’ 
Expectorant 


Each teaspoonful contains: 


Parabromdylamine maleate 
(DIMETANE) 


Glyceryl guaiacolate 
Phenylephrine HCl, USP 


Phenylpropanolamine HCl, 
NNR 5 mg. 


Dimetane* 
Expectorant-DC 


Each teaspoonful contains the 
Dimetane Expectorant for- 
mula plus Dihydrocodeinone 
bitartrate, NF 


(exempt narcotic) 


1.8 mg. 


References: 1, Cass, L. J., and Frederik, W. S.: Am. Pract. & Digest Treat. 2:844, 1951. 2. lp ere / 
Blanchard, K., and Ford, R. A.: Journal-Lancet 74:443, 1954. 3. Hayes, E. W., and Jacobs,L.S.: y 


Dis. Chest 30:441, 1956. 4. Blanchard, K., and Ford, R. A.: Rocky Mountain M. J., Vol. 52, Up 
No. 3, 1955. 5. Boyd, E. M., and Pearson: Am. J. M. Sc. 2/1:602, 1946, A.H. ROBINS COMPANY, INC., RICHMOND 20, VIRGINIA 
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The constraint of rigid management 


Many diabetics on insulin live highly restricted lives. They may not miss or delay a meal; 
they must neither over-work nor under-exercise for fear of complications. 

For 3 out of 4 of these patients, Orinase* offers better control and an easier, more normal 
life. Because Orinase controls diabetes effectively and smoothly in responsive patients, they 
can enjoy a new freedom. And some diabetics, who cannot be managed on Orinase alone, 
do best on combined Orinase-insulin therapy. «reacewanx, neo. v. s. par. — ToLBUTAMIDE, UPLONN 


THE UPJOHN COMPANY Upjohn | 
KALAMAZOO, MICHIGAN 
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provide total therapy 


39 
uncommon 
TABLETS 
Dosage: Adults and older children: One or two tablets tid, 4 
as required. Children 6 to 12 years of age: One tablet tid. » FON 
as required. | 
Supplied: Bottles of 100 and 1000, st 
Each orange and yellow layered tablet contains: = 
‘Sudafed’® brand Pseudoephedrine Hydrochloride ........«. 20mg. 
-‘Perazil’® brand Chlorcyclizine Hydrochlotide ............ 15mg. 
BURROUGHS WELLCOME & CO. Acid) ...... 
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Medel DB-16M 


(oepee, convenient and easy to operate, 
the new Amsco Double Cabinet Sterilizer fea- 
tures a handsome double cabinet and utility 
drawer with ample storage space for instru- 
ments and supplies — and a built-in automatic- 
ally burn-out proof Office Instrument Sterilizer. The cabinet is also 
available with a solid top without the recessed boiling-type sterilizer. 

The large formica counter provides ample room for work space, 
while the roomy cabinet and drawers are safe for storage of sterile 
supplies ... ready for instant use. The efficient, recessed type A-416S 
non-pressure sterilizer is fabricated entirely of stainless steel, in- 
sulated construction with two trays— one for instruments, the other 
for needles. 

One of the ten popular colors available with the DB-16M will 
blend perfectly with your office decor. A single cabinet with the 
same mechanical features is also available. 


Amsco's large Office Pressure-Steam Sterilizer, 613-R Dynaclave, 
or 8” Square Autoclave, Cat. No. 8816, can be conveniently 
located on work counter of the double cabinet. 


AMERICAN 


STERILIZER 


ERTE*PENNSYLVANIA 


See the new Double Cabinet Sterilizers at your 
authorized Amsco dealer or write for Bulletin DC-404 
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dusciousness FROM... 


hepatic coma 


associated with high blood ammonia levels 


GLUTAVENEs 
& 
GLUTAVENE-Ke 


For the treatment of coma and other enceph- 
alopathies in certain liver diseases associated 
with high blood ammonia levels, Glutavene 
supplies monosodium |-glutamate and Gluta- 
vene-K supplies monosodium and monopotas- 
sium |-giutamate. These agents reduce ammo- 
nia blood levels through amidation, a reaction 
ite and ammonia to form glu- 
ic substance.'.2 


DF ge adult, 100 pounds or 
sé, (25 gram) vial are 
6, glucose in water. 
siy during a 4-hour 


, and Riddell, 
2. Watson, 


CHANGING YOUR ADDRESS? 


Please fill out and return the coupon below: 


THE AMERICAN JOURNAL OF MEDICINE 
Mailing Dept., 11 East 36th Street, New York 16, N. Y. 


NAME 


(please print) 
New AppREsSs: 


Street 


City. 


FoRMER ADDRESS: 


Street- 


City. _Zone___State 
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Traffic: jammed 
Car: stalled 


Temper: mild 


Uicer: quiet 


Here’s a man whose ulcer once would have pro- 
tested strongly—not just at traffic problems— 
but at the entire gamut of stress to which modern 
man is subjected. 

His physician, aware that éhe patient as well as the 
ulcermust be treated, has prescribed ALUDROX SA. 


eases tension ¢ promotes healing 
relieves pain ¢ reduces acid secretion 
inhibits gastric motility 


ALUDROX SA 


Suspension and Tablets: Aluminum Hydroxide Gel with 
Magnesium Hydroxide, Ambutonium Bromide and Buta- 
barbital, Wyeth 
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and other 


allergies 


take over 


METRETON 


“Meti” steroid-antihistaminic 


for rapid relief systemically—METRETON Tablets— 


in drug reactions, urticaria, angioedema, atopic and contact dermatitis, allergic eczema, 
ocular allergies, serum sickness 


topically for allergic rhinitis—METRETON Nasal Spray 


topically for eye allergies— 
METRETON Ophthalmic Suspension 
supplied 


MetrETON® Tablets, bottles of 30 and 100. Each Metreton Tablet contains 2.5 mg. prednisone, 2 mg. 
chlorprophenpyridamine maleate, and 75 mg. ascorbic acid. 


METRETON Nasal Spray, 15 cc. squeeze bottle. Each cc, of METRETON Nasal Spray contains 2 mg. (0.2%) 
prednisolone acetate and 3 mg. (0.3%) chlorprophenpyridamine gluconate. 


MEtTRETON Ophthalmic Suspension, 5 cc. dropper bottle. Each cc. of METRETON Ophthalmic Suspension 
contains 2 mg. (0.2%) prednisolone acetate and 3 mg. (0.3%) chlorprophenpyridamine gluconate. 


Meti,® brand of corticosteroids. 


SCHERING CORPORATION BLOOMFIELD, NEW JERSEY 
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ALTAFUR in surgical (soft tissue) infections 


In a series of 159 patients with various types 
of surgical infections (cellulitis, abscess, 
wound infections ), ALTAFUR was employed 
with eminently satisfactory results. The in- 
cidence and magnitude of surgery were 
considerably reduced in these cases, and 
when surgical intervention was necessary it 
could be delayed until the inflammatory 
process had receded or become localized. 

Excellent therapeutic response was obtained 
in patients with infections due to coagulase 
positive Staphylococcus aureus, beta hemo- 
lytic Streptococcus, and Escherichia coli; 
these organisms were uniformly susceptible 


to ALTAFUR in vitro. An insensitive strain of 
Pseudomonas aeruginosa was isolated from 
the single patient who failed to respond. 
ALTAFUR was given orally to 150 patients, 
the majority receiving 100 mg. four times 
daily.* Duration of treatment ranged from 
4 to 30 days, averaged 6 days. An experi- 
mental intravenous preparation of ALTAFUR 
was administered to 9 patients who could 
not take medication by mouth or whose con- 
dition warranted exceptionally high dosage. 
There was no clinical or laboratory evidence 
of toxicity in any case, and ALTAFUR was 
well tolerated by all but 1 of the 159 patients. 


Prigot, A.; Felix, A. J., and Mullins, S.: Paper presented at the Symposium on Antibacterial Therapy, 


Michigan and Wayne County Academies of General Practice, Detroit, September 12, 1959 (published Noy. 1959) 


lations adjacent) 


*Experimental dosage (see dosage r 
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bright new star 


in the antibacterial firmament 


brand of furaltadone 


the first nitrofuran effective orally 


in systemic bacterial infections 


Antimicrobial range encompasses the majority of common 
infections seen in everyday office practice and in the hospital 


w Decisive bactericidal action against staphylococci, streptococci, 


pneumococci, coliforms 


@ Sensitivity of staphylococci in vitro (including antibiotic- 


resistant strains) has approached 100% 


mw Development of significant bacterial resistance has 


not been encountered 


m Low order of side effects 


w Does not destroy normal intestinal flora nor encourage 


monilial overgrowth (little or no fecal excretion) 


Tablets of 50 mg. (pediatric) and 250 mg. (adult) 
Average adult dose: 250 mg. four times a day, with food or milk 

Pediatric dosage: 22-25 mg./Kg. (10-11.5 mg./lb. body weight daily 
in 4 divided doses 


CAUTION: The ingestion of alcohol in any form, medicinal 
or beverage, should be avoided during Altafur therapy. 


NITROFURANS-—a unique class of antimicrobials 
EATON LABORATORIES, NORWICH, NEW YORK 


: 
| 


bacterial 
infections 


The low cost antibacterial prescription 
with assured safety and effectiveness 


the new alternative: 
0.5 
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MADRIBON 


safe + effective - economical 


“...its simplicity of administration, safety, clinical 
response and reasonable cost make... [Madribon] a 
desirable drug in instances where it is equally effec- 
tive [as the antibiotics] and a choice drug in many 
antibiotic-resistant cases.’”! 


Clinically effective for infections with cultures positive for: 


Staphylococcus aureus hemolyticus* B. proteus 

beta hemolytic streptococci E. coli* 
pneumococci Proteus* 

K. pneumoniae Shigella 

H. influenzae Salmonella* 

Ps. aeruginosa* paracolon bacilli 


A new alternative in bacterial infections 
for many reasons — 


¢ wide-spectrum activity 


high rate of clinical effectiveness—up to 90% 


less than 2 per cent side effects—even in long-term use 


* minimal risk of hazardous superinfections 


¢ essentially no danger of anaphylactic reactions 


e fewer problems with the development of resistant mutants 


* economical therapy 


° reserves antibiotic effectivness for fulminating, 
life-threatening infections 


For complete information on dosage forms, dosage sched- 
ules and precautions, consult literature available on request. 


*Some infections due to antibiotic-resistant strains have 
responded to Madribon. 


ROCHE tasoratories 


Division of Hoffmann-La Roche Inc, 


Nutley 10, N. J, 


The fastest growing antibacterial bibliography: 


1. M. J. Mosely, Jr., J. Nat. M.A., 51:258, 1959. 


2. J. C. Elia, Antibiotic Med. & Clin, Therapy, 6: (Suppl. 
1), 61, 1959. 


+ 2,0: Elia, Ann. New York Acad. Sc., 82: (Art. 1), 52, 


4. E. H. Townsend, Jr. and A. Borgstedt, Antibiotics An- 
New York, Medical Encyclopedia, Inc., 
9, p. 6 


5. Reperts on file, Roche Laboratories. 


B. A. Koechlin, W. Kern and R. Engelberg, Antibiotic 
Med. & Clin. Therapy, 6: (Suppl. 1), 22, 1959. 


7. W. A. Leff, ibid., p. 44. 
8. T. D. Michael, ibid., p. 57. 
9. H. P. Ironson and C. Patel, ibid., p. 40. 
. Boger, Antibiotics Annual 1958-1959, New York, 
‘Medical Encyclopedia, Inc., 1959, p. 48. 
1l. B. H. Leming, Jr., C. Flanigan, Jr. and B. R. eae 
Antibiotic Med, & Clin. Therapy, 6: (Suppl. 1), 32, 1959 
12. S. Ross, J. R. Puig and E. A. Zaremba, Antibiotics aie 
al New York, Medical Encyclopedia, Inc., 
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13. J. D. Young, Jr., W. S. Kiser and O. C, never, Anti- 
biotic Med. & Clin. Therapy, 6: (Suppl. 1), 53, 1959. 

14..J. F. Glenn, J. R. Johnson and J. H. Semans, ibid., p. 49. 

15. C. W. Daeschner, Ann, New York Acad. Sc., 82: (Art. 1) 
64, 1959. 

16. S. Guss and A. J. Spiro, Pediatric Conferences, 2:14, 1959, 

17. R. J. Schnitzer and W. F. pelevense, Antibiotic Med, & 
Clin. Therapy, 6: (Suppl. 1), 17, 1959. 


18. R. J. Schnitzer, W. F. DeLorenzo, E. ge | and R. 
Russomanno, Proc. Soc. Exper. Biol, & Med., 421, 1958. 


19. W. F. DeLorenzo and R. Russomanno, Antibiotic Med, & 
Clin. Therapy, 6: (Suppl. 1), 14, 1959. 
20. B. Fust and E. Boehni, ibid., p. 3. 
21. W. F. DeLorenzo and A. M. Schumacher, ibid., p. 11. 
22. O. Brandman, C. Oyer and R. Engelberg, J. M. Soc. New 
Jersey, 56:24, 1959. 
3. L, O. Randall, R. E. Bagdon and R. Engelberg, Tozicol. 
& Appl. Pharmacol., 1:28, 1959. 
24. S. M. Finegold, Z. Kudinoff, H. O. Kendall and V. 
Kvinge, Ann. New York Acad. Sc., 82: (Art. 1), 44, 1959. 
25. W. J. Grace, ibid., p. 51. 
26. L. E. Skinner, ibid., p. 57. 
27. S. W. Levy, ibid., p. 80. 
28. M. M. Cahn and E, J. Levy, ibid., p. 84. 
29. M. Sierp and J. W. Draper, ibid., p. 92. 
30. G. A. Moore, ibid., p. 61. 
31. W. P. Boger and J. J. Gavin, ibid., p. 18. 
82. W. S. Kiser, O. C. Beyer and J. D. Young, ibid., p. 105. 
33. B. H. Leming, Jr. and C. Flanigan, Jr., ibid., p. 31. 
34. R. E. Bagdon, L. O. Randall and W. A. Leff, ibid., p. 3. 
35. W. F. DeLorenzo and R. J. Schnitzer, ibid., p. 10. 
36. G. Carroll, Discussant, ibid., p. 110. 
37. S. Krugman, Discussant, ibid., p. 78. 
38. E. H. Townsend, Jr. and A. Borgstedt, ibid., p. 71. 
39. T. D. Michael, ibid., p. 40. 
40. A. E. Thill, Pennsylvania M. J., 62:1534, 1959. 
J. C. Elia, Mil. Med., in press. 
42. B. Wolach, Colorado GP, 1:4, 1959. 
sal L. Rosenthal and L. Jud, J. Lab. & Clin. Med., 54:461, 
+. 7 E. Ray, Case Rep. Child. Mem. Hosp., Chicago, 
7:4445, 1959. 
45. P. Rentchnick and J. Lagier, Schweiz. med. Wchnschr., 
89:894, 1959. 


46. J. Leng-Levy, J. David-Chausse, P. Gibaud and J. Bottin, 
J. méd. Bordeaux, 136: (6), 713, 1959. 


47. B. H. Leming, Jr. and C. Flanigan, Jr., Scientific Ex- 
hibit, Annual neeune of the American Medical Association, 
Atlantic C ity, N. J., June, 1959. 
48. J. C. Elia, ibid. 
49. O. Thalhammer (University Pediatric Clinic, Vienna, 
Austria), paper presented at the International Congress of 
Infectious Pathology, Milan, Italy, May 6-10, 1959. 
. R. Schuppli oteontey, University Dermatological Clinic, 
Basle, Switzerland), ibid. 

. S. Rummelhardt (First University Surgical Clinic, Vienna, 
“Austria), ibid. 

52. M. Rinetti (Institute of Surgical Pathology, University of 
Parma, Italy), ibid. 

53. M. em (University Pediatric Clinic, Berne, Switzer- 
land), 

54. N. pare (Cardarelli Hospital, Naples, Italy), ibid. 

55. E. Picha (First University Gynecological Clinic, Vienna, 
Austria), ibid. 

5. R, Neimeier (University Gynecology Clinic, Basle, Swit- 
zerland), ibid. 

57. G. Moustardier (Faculty of Medicine and St. Andrew’s 
Hospital, Bordeaux, France), ibid. 

58. S. T. Madsen (Bergen, Norway), ibid. 


59. W. P. Boger, ibid. 
P. Buenger (Medical Department, melthes General Hos- 
“pital, Langenhorn, Hamburg, Germany), ibid. 


61. H. Ptasnik, Medizinische, (31/32), 1437, 1959. 


MADRIBON® —2,4-dimethoxy-6-sulfanilamido-1,3-diazine 
ROCHE® 
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| SERPASIL makes it go down! 
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Back Jssucs Wanted 


(MUST BE IN GOOD CONDITION) 


THE AMERICAN JOURNAL OF SURGERY 


will pay $1.00 per copy for 
the following issues: 


January 1948 


April 1955 


May 1955 


Send to 


The American Journal of Surgery, Inc. 
11 East 36th Street 


New York 16, N. Y. 


ANNOUNCING 
SCHERINGS 
NEW 


MYOGESIC’ 


CARISOPRODOL 


*MYOGESIC 


muscle 
relaxant 


— analgesic 


EASES MUS 
SPASM & PAIN 

SPRAINS, STRAINS, 

we LOW BAGK PAINS 


= 


| 
| 
| 
49 
| \ 
| 
| 
{ 
XX 
| 
xX 
é 


In prophylaxis of angina pectoris 


“The best results...” 


“The best results . . . in both clinical and electrocardiographic response, were 
observed with a combination of meprobamate and pentaerythritol tetranitrate 
[EQUANITRATE]. .. .”’ Russek'! so reported using double-blind methods in an 
important new study of pentaerythritol tetranitrate, a placebo, meprobamate, 
and EQUANITRATE. 

EQUANITRATE reduces the frequency and severity of attacks and controls 
angina-triggering emotions. 


Supplied: EQUANITRATE 10 (200 mg. meprobamate, 10 mg. pentaerythritol tetranitrate), white 
oval tablets, vials of 50. EQUANITRATE 20 (200 mg. meprobamate, 20 mg. pentaerythritol 
tetranitrate), yellow oval tablets, vials of 50. 


1. Russek, H.I.: Am. J. Cardiol. 3:547 (April) 1959. 


Biquanitrate 


Meprobamate and Pentaerythritol Tetranitrate, Wyeth 


we) 1, Pa. 


Newly Available 
Equanitrate 2O 


*Trademark 
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FOR Proven MENOPAUSAL BENEFITS 
with extra relief from anxiety and tension 


The vast majority of meno- 
pausal women, especially 
on the first visit, are nerv- 
ous, apprehensive, and 
tense. PMB-200 or PMB- 
400 gives your patient the 
advantage of extra relief 
from anxiety and tension, 
particularly when the pa- 
tient is “high strung,” un- 
der prolonged emotional 
stress, or when psychogenic 
manifestations are acute. 


Proven menopausal bene- 
fits are confirmed by the 
wide clinical acceptance of 


“Premarin,” specifically 
for the relief of hot flushes 
and other symptoms of es- 
trogen deficiency, together 
with the well established 
tranquilizing efficacy of 
meprobamate. 

Two potencies to meet the 
needs of your patients: 


200 


“PREMARIN® WITH MEPROBAMATE* 


PMB-200—Each tablet 
contains conjugated estro- 
gens equine (“Premarin’’) 
0.4 mg., and 200 mg. of 
meprobamate. When 
greater tranquilization is 
necessary you can pre- 
scribe PMB-400 — Each 
tablet contains conjugated 
estrogens equine (“‘Prem- 
arin’’) 0.4 mg., and 400 mg. 
of meprobamate. Both 
potencies are available in 
bottles of 60 and 500. 

AYERST LABORATORIES 


NewYork16,N.Y., Montreal,Canada 


6927 


*MEPROBAMATE, LICENSED UNDER U. 8. PAT. NO. 2,724,720, 
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Your patients can woo and win elusive slumber 
without barbiturates. Give them subtle Placidyl. 
Their tensions vanish. Their brows unfurrow. 


Restful sleep is theirs within the hour. =) 
Prescribe. You'll see. 


(Ethchlorvynol, Abbott) 


Placidyl’ nudges your patient to sleep 
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Recent reports from three investigators describe a 
total of 322 patients treated with Harmonyl. Patients 
included those with hypertension, anxiety states, other 
psychiatric disorders and a selection of “general prac- 
tice” patients. Figures from the combined reports!,*,* 
show: 

only 24 cases q° developed any degree of lethargy 
or drowsiness. 


only 8 cases (2.507) developed any degree of depression. 


These findings are typical of those reported by other in- 
vestigators in recent clinical studies. These investiga- 
tors have been almost unanimous in pointing to deser- 
pidine’s relative lack of troublesome side reactions. 

Here are some representative comments: First, from 
one of the studies quoted above—a double blind study 
involving 99 patients. 


“There were certain outstanding features noted in 
this study with the use of deserpidine: 
1. The drug had a much ‘smoother’ tranquilizing or 
relaxing effect... 
2. ‘The feeling of awareness and alertness was greatly 
improved... 
3. Sleep-producing qualities when the patient went to 
bed were excellent... 
4. Blood pressure in the hypertensive patient was low- 
ered gently ... 
5. Abrupt discontinuation of the drug did not produce 
any noticeable side effects... 


6. It was not necessary to increase the original dosage 
to get the desired effects .. . 

7. In tension and anxiety states the chest pain and 
angina were helped greatly by the relaxing effect of 
deserpidine.”! 

Another investigator reports: “While the results 
(with deserpidine) were qualitatively similar to those 
seen with reserpine in similar dosage ranges, side ef- 
fects were much less frequent, very mild, and none 
severe enough to interrupt treatment.’”” 

The third investigator reports: “From our own clin- 
ical observations it would appear that deserpidine is 
the most desirable compound among those presently 
available.””* 


1. Frohman, |. P., Tranquilizers in General Practice and Clinical Evaluation of Deserpidine, 
an Alkaloid of Rauwolfia Canescens, M. Ann., District of Columbia, 27:641, Dec. , 1958. 


2. Billow, B. W., et al., The Use of a New Rauwolfia Derivative, Deserpidine, in Mild Func- 
tional Disturbances and Office Psychiatry, New York J. Med., 59:1789, May, 1959. 


3. Rawls, W. B., et al., Clinical Experience with Deserpidine in the Management of Hyper- 
tension and Anxiety Neurosis, New York J. Med., 59:1774, May, 1959. 


Harmony! 


(Deserpidine, Abbott) 


for your next working hypertensive 


ABBOTT 


1959, ABBOTT LABORATORIES 911052 
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* POLANIL is dextro-chlorpheniramine 
maleate (Polaramine”® Maleate) — 
a hh ] the closest to a perfect antihistamine and 

dexamethasone (Deroni!*) — today’s 

lowest dosage corticosteroid. 
\)\ \ | 
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POLARAMINE: the closest to a perfect antihistamine 
i; DERONIL: today’s lowest dosage corticosteroid 


POLANIL 


SCHERING CORPORATION ¢« BLOOMFIELD, NEW JERSEY 


T. M. EN-1490-9 


all the 


POlLANIE is avail 
eon: 
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even 

if your 
patient 
isa 


lobscousered 


he’ll be under way again soon, once ee on 


prescribe PARAFON in low bj 
strains — rheumatic pains 

Pe Each PARAFON tablet contains: 
PARAFLEX® 125 mg. 


(PARAFLEX® + TYLENOL®) 


for muscle relaxation plus analgesia TyLenor® Acetaminophen ...........-: 


and in arthritis 


PARAFON 


with Prednisolone 


(MeNET) 


McNeil Laboraton ies, Philadelphia 32,.Pa. 


back pain—sprains— 


Specific for skeletal muscle spasm 

300 meg. 
Ihe analgesic preferred in musculoskeletal pain 
Dosage: Iwo tablets t.i.d. or q.i.d. 

Supplied: Tablets, scored, pink, bottles of 50. 


Each PARAFON WITH PREDNISOLONE tablet contains: 
PARAFLEX® Chlorzoxazonet 125 mg., TyYLENOL® 
Acetaminophen 300 mg., and prednisolorie 1.0 mg. 
Dosage: One or two tablets t.i.d. or q.i.d. 

Supplied: Tablets, scored, buff colored, bottles of 36. 
Precautions: The precautions and contraindications 
that_applyto-—atstéroids should be kept in mind 
when prescribing PARAFON WITH PREDNISOLONE. 
*sailor +U.S. Patent Pending 
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AMBENYL EXPECTORANT 


for quick, effective relief 


- Antiallergic, antispasmodic, demulcent 
- Reduces bronchial spasm and congestion 
- Helps to thin mucus and facilitates expectoration 


Each fluidounce of AMBENYL EXPECTORANT 
contains: 
Ambodryl® hydrochloride (bromodiphenhydra- 
mine hydrochloride, Parke-Davis) . 24mg. 
Benadryl® hydrochloride (diphenhydramine | 
56 mg. 
gr. 
8 gr. 
Potassium guaiacolsulfonate 8 gr. 
q.s. 
Jo 


hydrochloride, Parke-Davis) . . 
Dihydrocodeinone bitartrate . 


Ammonium chloride .. . 


Supplied: Bottles of 16 ounces and 1 gallon. 
Dosage: Every three or four hours — adults, 1 to 2 tea- 
spoonfuls; children, 42 to 1 teaspoonful. 
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Dy PARKE, DAVIS & COMPANY 
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in atrial fibrillation 


suitable for conversion 


“drug of choice 


+ 
tt D U Rie AB Mi 
+ 
rest — _ the only oral Sustained Medication* quinidine gluconate, 5 gr. 


<= a quinidine of choice’ 
in all CARDIAC ARRHYTHMIAS 


premature contractions, auricular tachycardia, flutter, fibrillation 


e b.i.d. dosage — each dose of Quinaglute 
Dura-Tab S.M. maintains uniform plasma 
levels up to 12 hours. 


@ no night dose needed. 


® quinidine gluconate is more soluble, better 
absorbed and tolerated than quinidine sulfate. 


Dosage: For conversion of auricular fibrillation to nor- 
mal sinus rhythm, in most cases, 2 Quinaglute Dura- 


Tab S.M. tablets 3 to 4 times a day, for 2 to 3 days. 
1. Smith, J. M.: Lederle Bull. 


Symposium Report, 1:1, 1958. For maintenance 1 to 2 tablets every 10 to 12 hours. 
2. Bellet, S., Finkelstein, D., and 
Gilmore, H.: A.M.A. Archives ied: 
snteonad thea. 30000. 3807. Supplied: Bottles of 30, 100 and 250. 
*U.S. Patent 2895881 samples, reprint and detailed literature. 
Now also available . . . INJECTABLE QUINAGLUTE® 
REFER TO 10 cc. multiple dose vials, 0.08 Gm. Quinidine Gluconate per cc. 
WYNN PHARMACAL corporation 
Page 893 5119 West Stiles Street, Philadelphia 31, Pa. 
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quietly calming 


You can prescribe gentle 
control of blood pressure with 


® 


Butiserpine contains just enough reser- 
pine (0.1 mg. per tablet or teaspoonful) 
to reduce tension without initiating 
side effects; 15mg. of BUTISOL sodium® 
butabarbital sodium, to promote calm- 


ness without lethargy. 

Butiserpine Tablets, Elixir, 
Prestabs® Butiserpine R-A (Repeat Action Tablets) 
Suggested Dosage: 
Initial (up to 7 days)—1 to 4 Tablets or teaspoonfuls 
Elixir or 1 or 2 Repeat Action Tablets daily. 


Maintenance—1 or 2 Tablets or teaspoonfuls Elixir or 
1 Repeat Action Tablet daily. 


McNEIL LABORATORIES, INC, 
Philadelphia 32, Pa. 
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...Pathibamate= 


meprobamate with PATHILON® tridihexethy! chloride Lederle 


greater flexibility in the contro/ of tension, hypermotility 
and excessive secretion in gastrointestinal dysfunctions 


well-tolerated therapeutic agents: 

meprobamate (400 mg. or 200 mg.) widely accepted tran- 
quilizer and... 

PATHILON (25 mg.)—anticholinergic noted for its peripheral, 
atropine-like action, with few side effects. 


| 
| PATHIBAMATE combines two highly effective and 


The clinical advantages of PATHIBAMATE have been confirmed 
by nearly two years’ experience in the treatment of duodenal 
ulcer; gastric ulcer; intestinal colic; spastic and irritable colon; 
ileitis; esophageal spasm; anxiety neurosis with gastrointes- 
tinal symptoms and gastric hypermotility. 


Two dosage strengths—PATHIBAMATE-400 and PATHIBAMATE- 
200 facilitate individualization of treatment in respect to both 
the degree of tension and associated G.|. sequelae, as well 
as the response of different patients to the component drugs. 


Supplied: PATHIBAMATE-400-— Each tablet (yellow, /2-scored) contains 
meprobamate, 400 mg.; PATHILON tridihexethyl chloride, 25 mg. 
PATHIBAMATE-200—Each tablet (yellow, coated) contains mep- 
robamate, 200 mg.; PATHILON tridihexethy! chloride, 25 mg. 

Administration and Dosage: PATHIBAMATE-400-1 tablet three times a day at mealtime 

and 2 tablets at bedtime. 
PATHIBAMATE-200-—1 or 2 tablets three times a day at mealtime 
and 2 tablets at bedtime. 
Adjust to patient response. 
Contraindications: glaucoma; pyloric obstruction, and obstruction of the urinary 
bladder neck. 


LEDERLE LABORATORIES, A Division of AMERICAN CYANAMID COMPANY, Pearl River, New York 
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THE 
REALMS 

OF THERAPY 
BEST 
ATTAINED 
WITH 


ATARAX 


(brand of hydroxyzine) 
Special Advantages 


CHILDREN 


unusually safe; tasty syrup, 
10 mg. 


wide record of effectiveness—over 200 labora- 


Supportive Clinical Observation 


‘,.. Atarax appeared to reduce anxiety 

and restlessness, improve sleep pat- 
terns and make the child more amen- 
able to the development of new pat- 
terns of behavior....’’ Freedman, A. 
M.: Pediat. Clin. North America 5:573 
(Aug.) 1958. 


tory and clinical papers from 14 countries. 

Widest latitude of safety and flexibility—no serious 
adverse clinical reaction ever documented. 
Chemically distinct among tranquilizers—not a pheno- 
thiazine or a meprobamate. 

Added frontiers of usefulness—antihistaminic; mildly 
antiarrhythmic; does not stimulate gastric secretion. 


for additional evidence 


Bayart, J.: Acta paediat. belg. 
10:164, 1956. Ayd, F. J., Jr.: Cal- 
ifornia Med. 87:75 (Aug.). 1957. 
Nathan, L. A., and Andelman, M. 
B.: Illinois M. J. 112:171 (Oct.) 
1957. 


Cc 
PA 


well tolerated wa debilitated 
patients 


seems to be the agent of choice 
in patients suffering from removal dis- 
orientation, confusion, conversion hys- 
teria and other psychoneurotic condi- 
tions occurring in old age.’”’ Smigel, 
J. O., et al.: J. Am. Geriatrics Soc. 
7:61 (Jan.) 1959. 


Settel, E.: Am. Pract. & Digest 
Treat. 8:1584 (Uct.) 1957. Negri, 
F.: Minerva med. 48:607 (Feb. 
21) 1957. Shalowitz, M.: Geri- 
atrics 11:312 (July) 1956. 


useful adjunctive therapy for 
asthma and dermatosis; par- 
ticularly effective in urticaria 


“All [asthmatic] patients reported 
greater calmness and were able to 
rest and sleep better...and led a 
more normal life....In chronic and 
acute urticaria, however, hydroxyzine 
was effective as the sole medica- 
ment.” Santos, |. M., and Unger, L.: 
Presented at 14th Annual Congress, 
American College of Allergists, Atlan- 
tic City, New Jersey, April 23-25, 1958. 


Eisenberg, B. C.: J.A.M.A. 169:14 
(Jan. 3) 1959. Coirault, R., et al.: 
Presse méd. 64:2239 (Dec. 26) 
1956. Robinson, H. M., Jr., et al.: 
South. M. J. 50:1282 (Oct.) 1957. 


7 IN 
HYPEREMOTIVE 
is, ADULTS 
does not impair mental acuity 


**... especially well-suited for ambula- 
tory neurotics who must work, drive 
a car, or operate machinery.’’ Ayd, F. 
J., Jr.: New York J. Med. 57:1742 (May 
15) 1957. 


New York 17, N. Y. 
Division, Chas. Pfizer & Co., Inc. 
Science for the World’s Well-Being 


Garber, R. C., Jr.: J. Florida M. 
A. 45:549 (Nov.) 1958. Menger, 


H. C.: New York J. Med. 58:1684° 


(May 15) 1958. Farah, L.: Inter- 
oa. Rec. Med. 169:379 (June) 


SUPPLIED: Tablets, 10 mg., 25 
mg., 100 mg.; bottles of 100. 
Syrup (10 mg. per tsp.), pint 
bottles. Parenteral Solution: 25 
mg./cc. in 10 cc. multiple-dose 
vials; 50 mg./cc. in 2 cc. am- 


| pules. 
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REFLECTION ON CORTICOTHERAPY: 


Particularly in corticotherapy, the intent 


is not to treat diseases, but to treat patients. 


This intent 1s best served by using the steroid 
that has the best ratio of desired effects to 


undesired effects: \ | | | 
the corticosteroid that hits the disease, but spares the patient Cc TO 


Upjohn THE UPJOHN COMPANY / 
KALAMAZOO, MICHIGAN RADEMARK, REG . Us. S. PAT. OFF. — METHYLPREDNISOLONE, UPJOHN 
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ANNOUNCING 
SCHERINGS 
NEW 


MYOGESIC’ 


“EASES STRAINS 
: sprains & LOW 
BACK PAINS...! 


7 
« 
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CARISOPRODOL 


RELA—a new myogesic for better 
relaxant and analgesic therapy— 
more adept management of 
spasm and pain in strains, 
sprains and low back pains. 


RELA—though a single drug—is a true 
myogesic and works rapidly 
to achieve three desired effects... 


Rela relaxes acute muscle spasm 
Relief of muscle spasm (96% excellent 
to good effectiveness)! 


Rela provides a unique quality of 

persistent pain relief through 

its relaxant and analgesic actions 
“Relief from pain was usually rapid 

and sometimes dramatic”! 


Rela, through relaxation and analgesia, 
assures daytime ease and nighttime rest 
“.,. Anumber of patients reported 
freedom from insomnia which they 
attributed to freedom from pain.”’! 


indications: RELA is most beneficial in those 
conditions of the musculoskeletal system 
manifesting pain, stiffness and spasm. 

safety: Studies of more than 1400 patients 
indicate that the toxicity of RELA is exceptionally 
low. In human subjects,'respiratory, 

blood pressure or blood chemistry changes 
and/or renal, hepatic or endocrine dysfunction 
have not been reported. 

dosage: The usual adult dosage of RELA is 

one tablet 3 times daily and at bedtime. 

RELA has a rapid onset of action, with relief 
usually apparent within 30 minutes, and 
persisting for at least 6 hours. 

supply: RELA is available as 350 mg., pink, 
coated tablets in bottles of 30. 


1. Kuge, T.: To be published. * H-227 


x MYOGESIC 
muscle_agnalgesic 


relaxant 
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PROVEN EFFECTIVE 
FOR THE TENSE AND 
NERVOUS PATIENT 


** There is perhaps no other drug introduced in 
recent years which has had such a broad spec- 
trum of clinical application as has meproba- 
mate.* As a tranquilizer, without an autonomic 
component in its action, and with a minimum 
of side effects, meprobamate has met a clinical 
need in anxiety states and many organic diseases 
with a tension component.’? 


Krantz, J. C., Jr.: The restless 
patient — A psychologic and 
pharmacclogic viewpoint. 
Current M. Digest 
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53, the original meprobamate, discovered and introduced by 
Vy WALLACE LABORATORIES, New Brunswick, N. te 
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Singoserp: 


It spares them from the usual rauwolfia side effects 


FOR EXAMPLE: “A clinical study made of syrosingopine [Singoserp] therapy in 77 ambulant 
patients with essential hypertension demonstrated this agent to be effective in reducing 
hypertension, although the daily dosage required is higher than that of reserpine. Severe 
side-effects are infrequent, and this attribute of syrosingopine is its chief advantage over 
other Rauwolfia preparations. The drug appears useful in the management of patients with 


essential hypertension.”* 
*Herrmann, G. R., Vogelpohl, E. B., Hejtmancik, M. R., and Wright, J. C.: J.A.M.A. 169:1609 (April 4) 1959. 


singoserp 


(syrosingopine CIBA) 


First drug to try in new hypertensive patients 
First drug to add in hypertensive patients already on medication 


supPLieD: Singoserp Tablets, 1 mg. (white, scored); bottles of 100. Samples available on request. 
Write to CIBA, Box 277, Summit, N. J. 


(3 
~ 
5 
é 


deanol acetamidobenzoate 


in the adjustment of 


School-Age 
Problem Children 


when intelligence is masked 
by behavior problems, in the 
absence of organic cause 


® Improves scholastic performance... 
e Lengthens attention span... 
e Improves social adaptability... 


® Decreases irritability 


Dosage 
75 mg. (3 tablets) in the morning is the recommended starting dose. 
After two weeks, or whenever satisfactory improvement has occurred, 
a reduced dose may maintain this improvement in some cases; how- 
ever, optimal response has been reported in most children on main- 
tenance doses ranging from 75 mg. (3 tablets) to 150 mg. (6 tablets) 


per day. 


Contraindications 
‘Deaner’ therapy is contraindicated only in grand mal epilepsy and 
in mixed epilepsy with a grand mal component. 


D eaner may be given with safety to patients with R; 
previous or current liver disease, iker Northridge 
kidney disease, or infectious diseases. 


California 
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When cough causes strain and trauma...in the elderly and debilitated; in patients with pulmonary 
and cardiac disease, hernia or rib fracture; in EENT, chest and abdominal surgery...with ROMILAR 
you can provide the antitussive potency of codeine with the safety of a placebo.'-® Cough control is 
prompt (15-30 minutes) and lasts for as long as six hours." 


ROMILAR, the non-narcotic cough specific, has one pharmacologic action—cough suppression. There 
is no central depressant or analgesic effect; and there is no tolerance liability, no addictive potential.?~° 


Bibliography: (1) N. Ralph, Am. J. M. Sc. 227:297, 1954. (2) H. A. Bickerman, in W. Modell, Ed., Drugs of Choice 
1958-1959, St. Louis, The C. V. Mosby Company, p. 557. (3) H. A. Bickerman, E. German, B. M. Cohen and S. Itkin, 
Am. J. M. Sc. 234:191, 1957. (4) L. J. Cass, W. S. Frederik and J. B. Andosca, Am. J. M. Sc. 227:291, 1954. (5) L. J. 
Cass and W. S. Frederik, J. Lab. & Clin. Med. 48:879, 1956. (6) L. J. Cass and W. S. Frederik, New England J. Med. 
249:132, 1953. (7) H. Isbell and H. F. Fraser, J. Pharmacol. & Exper. Therap. 107:524, 1953. (8) W. M. Benson, 
P. L. Stefko and L. O. Randall, J. Pharmacol. & Exper. Therap. 109:189, 1953. (9) New and Nonofficia! Drugs 1959, 
Philadelphia, J. B. Lippincott Company, p. 326. 


Supply: ROMILAR Syrup in bottles of 4 oz, 16 oz and 1 gal. ROMILAR Tablets in bottles of 20, 100 and 500. 
Romilar® Hydrobromide — brand of dextromethorphan hydrobromide. 


ROCHE LABORATORIES: Division of Hoffmann-La Roche Inc « Nutley 10, N. J. 


Romilar 


69 

| 

‘ 

i 

‘ : 
| / 
| 


ILOSONE® 125 SUSPENSION 


deliciously flavored - decisively effective 
Formula: 
Each 5-cc. teaspoonful provides Ilosone Lauryl Sulfate equivalent to 125 
mg. erythromycin base activity. 
Usual Dosage: 
10 to 25 pounds 5 mg. per pound of body weight every 
25 to 50 pounds 1 teaspoonful Six 
Over 50 pounds 2 teaspoonfuls hours 


In more severe infections, these dosages may be doubled. 


Supplied llosone® (propionyl! erythromycin ester, Lilly) 
In bottles of 60 cc, llosone® Laury! Sulfate (propiony! erythromycin ester lauryl sulfate, Lilly) 


ELI LILLY AND COMPANY + INDIANAPOLIS 6, INDIANA, U.S. A. 
932702 
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Editorial 


The Kidney in Health; The Nephron 


NY formulation of the pathophysiology of 
A chronic renal failure must begin with the 
basic question: Is urine formed from residual 
healthy nephrons or diseased ones? Both views 
have had their supporters over the years and 
perhaps, as we intend to put forward, both 
have suffered from the all too encompassing 
generalization. 

The inherent difficulties in unraveling this 
dilemma are formidable. With the formation of 
urine taking place in a heterogeneous nephron 
population of greater than 2 million units, data 
derived by the clearance method must of neces- 
sity represent a crude composite view. Secondly, 
our acquisition of knowledge of normal renal 
physiology has been painfully slow because of 
the complexities of a system utilizing filtration, 
reabsorption and secretion acting together in 
a dynamic equilibrium to produce the urine as 
an end product. Thirdly, before the advent 
of biopsy material, functional anatomic cor- 
relation was largely reconstructed from end- 
stage postmortem specimens. And lastly, the 
bizarre and diversified structural alterations of 
the nephron population in disease cast further 
suspicion on the validity of clearance data. This 
is especially true of clearance ratios, which 
represent an even greater degree of abstraction. 
Oliver, culminating his work fon [the micro- 
dissection of diseased kidneys and in the classic 
paper ‘“‘When is the Kidney not a Kidney?”’ [7], 
eloquently expresses the skeptic’s view. “The 
kidney no longer exists as a meaningful struc- 
tural or functional concept—there remains only 


in Disease 


a heterogeneous collection of various and dis- 
parate organs, the abnormal nephrons of chronic 
renal disease.” In view of recently obtained 
knowledge regarding function of the normal 
and diseased kidney, our concept of the patho- 
physiology of chronic renal failure must be 
re-examined. 

The conventional view, held for many years, 
has maintained that disease alters specific 
tubular sites for reabsorption and secretion of 
various substances and for the concentration and 
dilution of urine. Thus urine formed from 
diseased kidneys was characteristically thought 
to be formed from diseased nephrons. 

During the recent past an alternative view 
has been put forward by several groups [2-7]. 
This newer concept shifts emphasis away from 
qualitatively diseased tubular sites by suggesting 
that the majority of damaged nephrons do not 
contribute to the formation of urine. Instead, 
there is a quantitative reduction in nephrons 
with normal remaining units now exposed to a 
greater obligatory solute load. Each functioning 
nephron is visualized as being exposed to an 
osmotic diuresis which results in _ polyuria, 
sodium wasting and inability to effect maximal 
concentration or dilution of the urine. Experi- 
mental evidence for this concept was first 
obtained in 1899 by Bradford [8] when he 
demonstrated that progressive surgical reduc- 
tion of renal mass in dogs produced uremia and 
large quantities of dilute urine. Hayman [2] 
in 1933 and Platt [3] in 1950, working with the 
dog and the rat respectively, confirmed the 


th 
¢ 
| 
a 
is 
ft 
- 
Fal 
i 
‘ 


2 


appearance of isosthenuria after subtotal ne- 


phrectomy. Support for the production of 
‘‘normal’’ urine in chronic renal failure also has 
accumulated. The absence of glycosuria in the 
majority of patients with chronic renal disease 
is a well established clinical observation. Nickel 
et al. [9] have shown that some patients with 
uremia can conserve sodium efficiently when 
given a low sodium intake. The ability to ob- 
tain exceedingly dilute urine in patients with 
uremia by progressive daily increments in fluid 
intake has been shown by Guild et al. [70]. 
Similarly, diluting capacities expressed as free 
water clearance per unit of glomerular filtration 
rate (Cy.o/GFR) have been found to be 
normal in dogs and man [77] during varying 
stages of renal failure. Concentrating capacity 
expressed as free water reabsorption per unit of 
glomerular filtration rate (T°qH,0/GFR) was 
normal in human subjects [72] with glomerular 
filtration rates above 60 cc./minute. More 
recently Bricker et al. [7,/3-74] have produced 
unilateral glomerulonephritis and pyelonephritis 
in dogs. Simultaneous studies of the diseased 
and the normal kidneys revealed essentially 
identical values on both sides for p-amino- 
hippurate secretion (Tmpan), glucose reab- 
sorption (Tmg) and phosphate reabsorption 
(Tmpo,), when their values were expressed per 
unit of glomerular filtrate. Free water reab- 
sorption (T°y.9) and free water clearance 
(Cy.o) per unit of glomerular filtrate on the 
diseased side closely parallel those of the normal 
kidney (although maximum urine concentration 
was impaired in the diseased kidney). And, 
the finding of normal glucose titration curves 
with equal splay for normal and diseased kidneys 
[74] would imply no increase in the heterogeneity 
of the remaining nephron population in renal 
disease. 

In view of these findings Oliver’s observations 
could be interpreted as indicating that the most 
bizarre nephrons do not contribute significantly 
to the formation of urine. The decreased flexibil- 
ity in maintaining homeostasis during sodium, 
potassium, acid or water loading which char- 
acterizes renal insufficiency could therefore be a 
reflection of a diminished filtering surface area 
and tubular mass. This reduced nephron popula- 
tion functions normally but is exposed to a 
relative increase in both solute and-- water 
load. 

Attractive as this newer concept of renal fail- 
ure may appear, there is evidence suggesting 
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that impaired tubular function (the conven- 
tional view) also plays a role in the formation of 
urine in certain kinds of chronic renal disease. 
Moreover, compensatory hypertrophy of ne- 
phrons, uninvolved by disease, may modify 
renal function. The evidence in favor of these 
influences will now be presented. 

First to be considered is the role of hyper- 
trophy in chronic renal failure. That the kidney 
possesses a striking capacity for hypertrophy in 
size and function has been well documented in 
the earlier literature [75-77]. The microdissec- 
tion studies of Oliver [7,78] show this hyper- 
trophy to consist of an enlargement in the caliber 
of renal vessels, an increase in size of the 
glomeruli, and an enlargement of tubular 
structure. The proximal convoluted tubule is 
chiefly affected, increasing up to eight times in 
length and four times in diameter, so that 
proximal tubular volume increases by some 
twentyfold. Nephron units accomplish this feat 
by a process of both cellular hypertrophy and 
hyperplasia. How hypertrophy is mediated 
remains unclear, but it can be brought about by 
surgical resection, clinical and experimental 
renal disease, and by protein and, to a lesser 
extent, urea loading [79-20]. However, Block et 
al. [27] have shown that after unilateral uretero- 
duodenostomy the contralateral kidney fails to 
hypertrophy to the extent that it does with 
unilateral nephrectomy. This suggests that 
other factors besides solute load are important. 
Certain endocrine renotrophic effects have been 
implicated. Thyroidectomy and, to a greater 
extent, hypophysectomy greatly limit hyper- 
trophy after unilateral nephrectomy [22-24]. 
The process of hypertrophy can be set in motion 
in as short a period as twenty-four hours follow- 
ing nephrectomy in rats, as evidenced by the 
appearance of increased mitosis [25]. After 
nephrectomy in man, increased functional 
improvement has been observed within a week 
[26] and may continue for several months or 
longer [27]. Finally, the hypertrophy following 
surgical removal of tissue appears to be mor- 
phologically identical with that of the spared 
nephron units in varying stages of chronic renal 
disease. 

What are the implications of these drastic 
changes in renal architecture? Following uni- 
lateral nephrectomy in both dog and man, renal 
function ultimately improves to approximately 
75 per cent of the values before nephrectomy 
[2,27,28]. Since no new nephrons are formed 
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and evidence does not support intermittency of 
function in normal mammalian kidneys, each 
nephron must increase blood flow and glomeru- 
lar filtration by some 50 per cent. Thus the 
kidney compensates for a decreased number of 
nephrons by more efficient perfusion of remain- 
ing hypertrophied units. The clinical observa- 
tion that blood urea nitrogen (BUN) rises very 
late in renal disease may be attributable not only 
to the geometric nature of the curve relating 
BUN to GFR [29] but also to the fact that 
hypertrophy would tend to delay and minimize 
the reduction in urea, creatinine and inulin 
clearances. Hence renal disease would be fur- 
ther submerged below the level of clinical 
detection. It can be estimated from experiments 
in both animals and man after nephrectomy 
that abnormally low inulin clearances are first 
detectable with a reduction in nephrons of 30 
per cent or greater. On a normal protein diet 
BUN becomes detectably elevated after a 75 per 
cent reduction, and symptoms of uremia do not 
appear until the nephron population has been 
reduced to approximately 10 per cent. 

Another important consequence of hyper- 
trophy concerns tubular function. There is 
good evidence to indicate that transport per 
functioning nephron is more efficient both by 
virtue of cellular hyperplasia and increased 
transport capacity in each tubular cell. A bit of 
‘nephron arithmetic”’ indicates that if GFR per 
nephron is increased by 50 per cent after uni- 
lateral nephrectomy, reabsorptive capacity must 
increase by a similar amount to prevent a 
drastic glomerular-tubular imbalance. Cellular 
anatomic hypertrophy must be translatable into 
transport hypertrophy. An excellent illustration 
of this important concept can be found in an 
experiment by Kolberg [30]. Mudge and Tag- 
gart [37] had shown that sodium acetate infusion 
could almost double the Tmpay in dogs, 
presumably by stimulation of aerobic metab- 
olism after conversion to active acetate. This 
experiment was repeated by Kolberg and then, 
after waiting a suitable time for development of 
hypertrophy following unilateral nephrectomy, 
Tmpaun was again determined before and after 
acetate infusion. Tmpay values in one kidney 
were slightly less than they were before nephrec- 
tomy in two kidneys but now acetate infusion 
had a negligible effect in further increasing 
Tmpau. Thus the process of hypertrophy repre- 
sents a utilization of reserve capacity to increase 
active transport, and once achieved, a further 
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increase in transport following stress is no longer 
demonstrable. 

If functional as well as anatomic hypertrophy 
accompanies renal failure, this could account for 
maintenance of a relatively normal body 
electrolyte composition until late in disease; 
then further stress, represented by an exogenous 
load of potassium or hydrogen ions, could pro- 
duce acute decompensation. The studies of 
Schwartz et al. [32] indicate that near maximum 
hydrogen secretion per nephron is maintained 
in chronic renal disease. When uremic subjects 
with lowered plasma bicarbonate concentrations 
were given a single dose of ammonium chloride 
or hydrochloric acid, titratable acidity and 
ammonium excretion were only minimally 
increased. Several investigators have shown that 
potassium clearances may exceed those of 
inulin two- to threefold in the face of renal 
failure [33-35]. This may very well represent 
increased secretion of potassium through distal 
tubular sites; excretion of a larger percentage of 
filtered potassium also may play a role. Hence 
another factor in the inflexibility of renal func- 
tion in disease is the compensatory increase in 
the transport capacity per functioning renal 
tubular cell, which then has a more limited 
Capacity to respond to any further stress. 

The second modification in the concept of 
chronic renal failure is the role of intrinsic damage 
to tubular function and renal architecture. Evi- 
dence for the formation of inherently normal 
urine from diseased kidneys has already been 
presented, but are we to neglect the differences 
in the various types of pathologic change 
which produce chronic renal insufficiency? 
If we have reason to doubt the importance of the 
various bizarre and distorted fragments of 
diseased nephrons described by Oliver must we 
not still consider what Homer Smith [36] classi- 
fied as the “‘impotent nephron” (normal or 
supranormal filtration through a damaged 
tubule)? The studies of Michie and Michie [37] 
on unilateral pyelonephritis in man and of 
Bricker et al. [7] on experimental unilateral 
pyelonephritis in dogs stress the consistency of 
the GFR/Tmpay ratios in all stages of disease. 
However, Earle’s [38] and Raaschou’s [39] 
studies show an increased GFR/Tmpay ratio 
for all but the early stages of pyelonephritis. The 
basic criticism in the interpretation of clearance 
ratios in renal disease has been mentioned. Since 
only a small deviation in glomerular-tubular 
balance can produce profound effects on urine 
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composition such gross methods of analysis are 
open to suspicion. 

Chronic glomerulonephritis, hypertensive re- 
nal disease and diabetic glomerulosclerosis 
primarily involve the blood supply to glomeruli, 
with resultant damage to tubules. Here the 
concept of destruction of entire nephron units 
appears plausible. However, hydronephrosis and 
polycystic disease produce obstructive, balloon- 
ing tubular lesions. In polycystic disease these 
“incompetent nephrons” have been shown by 
direct puncture to retain some function [76]. 
Pyelonephritis appears to advance interstitially, 
the medullary region being inherently more 
susceptible to early bacterial invasion [40-43]. 
Might not impotent nephrons play a role in the 
formation of urine in these latter conditions? 
The situation is made more complex and difficult 
to interpret because of possible hypertension, 
congestive failure and pyelonephritis complicat- 
ing any type of primary chronic renal disease. 
Since the pathologist cannot determine whether 
the impotent nephron contributes to the forma- 
tion of urine, the issue must be decided on the 
basis of clinical evidence. 

Although, as previously stated, there is sound 
evidence that exogenous osmotic load can limit 
final urine concentration, clinical evidence sug- 
gests that various types of renal disease result in 
early loss of concentrating ability with little or no 
nitrogen retention. Raaschou [39] showed this in 
a series of patients with pyelonephritis. Brod 
[44] compared maximum urine specific gravities 
in a large series of patients with pyelonephritis, 
glomerulonephritis and hypertensive renal dis- 
ease and found that at any comparable GFR 
the renal concentrating capacity was most 
significantly lowered in the group with pyelo- 
nephritis. Recently Winberg [45] has shown a 
significant reduction in maximum urine osmolar- 
ity in children with acute pyelonephritis without 
azotemia. In addition, early marked loss of 
concentrating ability has been observed in 
both hydronephrosis and polycystic renal dis- 
ease [2,46]. Finally, the passage of urine with a 
maximum specific gravity below 1.010 in both 
pyelonephritis and polycystic disease has been 
noted by several investigators [47,49]. 

In view of recent knowledge regarding the 
production of hypertonic urine by means of a 
medullary countercurrent multiplying system 
[50,57], early concentrating defects correlate 
best with structural alteration in the medullary 
architecture and tubular integrity. Final urine 
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concentration is dependent not only on solute 
load but also on tubular function and the com- 
position of medullary interstitial fluid [52,53]. On 
this basis, the loss of urine concentrating ability 
out of proportion to diminished glomerular 
filtration in recovery from acute tubular necrosis 
[72], and hypokalemic [54] and hypercalcemic 
[55] nephropathy could be due to either func- 
tional or structural impairment of cell function. 

Unlike the experimental animal [73,74] and 
the human subject with slight impairment of 
filtration rate [72], patients with more advanced 
renal disease have depression of free water 
reabsorption (T°y.9) out of proportion to 
decrease in filtration rate. In these persons with 
renal failure the ratio Ty.9/GFR was con- 
sistently below that found in normal subjects 
[77]. The early concentrating defects, already 
mentioned, in hydronephrosis, polycystic dis- 
ease, and in many cases of pyelonephritis, cor- 
relate well with destruction of medullary 
architecture or tubular integrity. Consistent, 
marked decrease in concentrating ability is 
associated with bilaterally contracted kidneys, 
with distortion and contraction of the medullary 
architecture. * It may be concluded, therefore, 
that the isosthenuria of renal disease cannot be 
explained solely in terms of nitrogenous solute 
load. Specific functional or structural alterations 
in the concentrating mechanism also may be 
present. 

Schwartz and Relman [32,56] have empha- 
sized that the acidosis of renal insufficiency is 
tubular in origin, both in terms of an absolute 
reduction in hydrogen ion secretion and fre- 
quently in primary bicarbonate wasting. When 
the hydrogen-secreting mechanism is compro- 
mised by chronic renal disease, plasma _bicar- 
bonate concentration falls as a result of accum- 
ulated endogenous and exogenous hydrogen 
ions. If disease destroys total nephron units, 
diminished hydrogen secretion is accompanied 
by a corresponding reduction in filtration; 
therefore any fall in plasma bicarbonate con- 

* The efficiency of the medullary countercurrent 
concentrating mechanism may very well be modified by: 
Differential destruction of the loop of Henle contained in 
juxtamedullary nephrons (only about one-seventh of the 
nephrons in the human kidney possess medullary loops 
of Henle); abnormal spatial configuration of both 
Henle’s loop and vascular loops within the medulla 
with preservation of the maximum length of the long 
axis of these loops; washout of medullary interstitial 
osmotic gradients due to excessive blood flow to the 
remaining functioning nephron mass [40]; and possibly 
leakage into the interstitial space from damaged nephrons. 
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centration is roughly paralleled by rising levels 
of plasma phosphate, sulfate and organic anions. 
In primary renal tubular acidosis, a genetic 
defect in transport which limits hydrogen ion 
secretion and bicarbonate reabsorption, acidosis 
is associated with hyperchloremia. Similarly, 
when tubular failure predominates in chronic 
renal disease, hyperchloremic acidosis may be 
observed. Later in the disease process, hyper- 
chloremia may disappear as filtration becomes 
grossly impaired. Since hyperchloremic acidosis 
in chronic renal disease is observed almost 
exclusively in hydronephrosis, polycystic disease 
and pyelonephritis with or without renal calculi 
or nephrocalcinosis [46,57-59], some degree 
of tubular damage predominates over the de- 
struction of filtering surface. This represents 
further evidence for the existence of impotent 
nephrons in some types of chronic renal failure. 

The finding of Bricker et al. [60] that unilateral 
nephritic dog kidneys conserved sodium as well 
as their normal counterparts when subjected to 
urea loads suggests that sodium wasting (as seen 
clinically) represents a tubular defect. Of the 
more than twenty cases of “‘salt losing nephritis” 
which have appeared in the literature since 
1944, the majority have occurred in patients 
with pyelonephritis [6/—74]. In a review of the 
records of a large number of patients with 
chronic renal failure, it was found that salt 
wasting was confined almost entirely to patients 
with polycystic disease, hydronephrosis and 
pyelonephritis [46]. In addition, salt wasting did 
not correlate with reduction of GFR or elevation 
in BUN but occurred at all levels of renal insuf- 
ficiency. As corroborative evidence, the diuretic 
stage both of acute tubular necrosis and post- 
obstructive uropathy [75] is characterized by 
tubular damage and sodium wasting. 


SUMMARY 


There is evidence to support both major 
theories in various types of renal disease. 
Previous postulations of pathophysiology have 
erred in attempting to be too inclusive. Al- 
though there is reason to doubt the functional 
importance of the many bizarre nephron forms 
described by pathologists in disease, the pres- 
ence of severe polyuria, early defects in renal 
concentrating ability, hyperchloremic acidosis 
and sodium wasting (occurring alone or to- 
gether) characterize pathologic states in which 
tubular damage predominates over whole 
nephron destruction. The inflexibility of func- 
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tion which characterizes renal insufficiency may 

be a product of many factors: decrease in total 

functioning nephrons, diminished physiologic 

reserve of tubular transport, alterations in 

gross renal architecture and the presence of 
impotent nephrons. 

STANLEY S. FRANKLIN, M.D. 

JOHN P. MERRILL, M.D. 

Department of Medicine, 

Peter Bent Brigham Hospital 

and Harvard Medical School, 

Boston, Massachusetts 
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Clinical Studies 


Renal Tubular Disease with Muscle Paralysis 
and Hypokalemia‘ 


EpwArpD E. Owen, M.D. and JOHN V. VERNER, JR., M.D. 


Durham, North Carolina 


EN patients have been seen at Duke Hospital 

who exhibited muscle paralysis and hypo- 
potassemia in association with renal tubular 
disease. Nine had classic renal tubular acidosis 
and another had an as yet unclassified renal 
tubular disease with alkalosis. Since only thir- 
teen cases could be collected from the literature 
with the triad of renal tubular acidosis, hypo- 
kalemia and muscle paralysis [7-9], the finding 
of nine such patients in one institution suggests 
that the combination may occur more com- 
monly than is generally appreciated. All ten 
patients responded well to treatment and have 
had no further paralytic episodes or deteriora- 
tion in renal function. ‘The purpose of this report 
is to describe the clinical features demonstrated 
by these patients, to discuss etiology and mecha- 
nisms of the disease, and to emphasize the 
importance of early diagnosis and treatment. 


CASE REPORTS 


Case. F. T., a thirty-nine year old white woman, 
was admitted to Duke Hospital on December 29, 
1949, because of muscle paralysis and coma. She had 
been in good health until six months prior to admis- 
sion when polyuria and polydipsia developed follow- 
ing an uncomplicated pregnancy and delivery. She 
recalled having had two transient attacks of muscle 
weakness in the five months prior to admission. 
These cleared spontaneously over a twenty-four to 
forty-eight-hour period. The attack leading to her 
hospitalization began forty-eight hours prior to admis- 
sion as generalized weakness which progressed and was 
followed by dysphagia, dysphonia, nausea, vomiting, 
quadriplegia and semicoma. 

On examination the blood pressure was 118/60 
mm. Hg and the pulse rate was 80 per minute. 
Respirations were of the “‘fish-mouth” type and no 
diaphragmatic motion could be detected. The circula- 
tion was hyperactive, with bounding arterial pulses, 
capillary pulses in the nail bed, and ‘“‘pistol-shot”’ 


sounds over the large arteries. There was a flaccid 
quadriplegia with total areflexia. The lids were ptosed 
bilaterally, and there was a divergent strabismus 
together with absent corneal reflexes, right facial 
weakness, absent bowel sounds, urinary incontinence, 
and poor responsiveness to questioning and commands. 

Routine blood analysis revealed the white blood cell 
count to be 16,500 per cu. mm. with a slight shift to 
the left on differential counting. ‘The maximal urinary 
specific gravity was 1.015, the pH 6.5 units, and the 
protein 1 plus. The blood non-protein nitrogen was 
33 mg. per cent and the two-hour urinary excretion of 
phenolsulfonphthalein was 77 per cent. The serum 
potassium concentration was 1.8 mEq./L., the 
chloride 122 mEq./L., and the carbon dioxide com- 
bining power 15.4 mEq./L. The serum calcium was 
8.5 mg. per cent with a phosphorus of 1.4 mg. per cent. 
An electrocardiogram showed a first degree heart 
block with ST and T wave changes suggestive of 
hypokalemia. Roentgenograms showed no evidence 
of osteomalacia or nephrocalcinosis. 

The patient received 273 mEq. of intravenously 
administered potassium over a thirteen-hour period, 
with gradual return of muscle strength to normal. 
A spot urine sample obtained prior to treatment con- 
tained 85 mEq. potassium/!.. During the next seven 
days she received 1,533 mEq. of potassium of which 
only 765 mEq. were excreted in the urine. At the 
time of discharge the only electrolyte derangement 
persisting was a slight hyperchloremia. The patient 
was completely asymptomatic. During the subsequent 
five years she remained well except for two docu- 
mented episodes of pyelonephritis. Renal calcification 
was visible by x-ray examination at the end of five 
years. There were no further periods of paralysis or 
hypokalemia, but she continued to take alkalinizing 
solutions and potassium supplements. 


Comment: This is a typical example of renal 
tubular acidosis (RTA). The unusual features 
included the extreme paralysis not only of 
skeletal, facial and extraocular muscles but also 
involvement of the smooth muscle of the bladder 


* From the Department of Medicine, Duke University Medical Center, Durham, North Carolina. 
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and intestines. There was also a hyperdynamic 
quality to the circulation as well as transitory 
hypophosphatemia and proteinuria, all of which 
subsided after potassium supplementation. 


Caseu. A. M., a forty-nine year old white woman, 
was admitted to Duke Hospital on February 12, 1951, 
because of flaccid quadriplegia, nausea, gagging and 
somnolence which had come on gradually the morn- 
ing of admission. She had had recurrent episodes of 
pyelonephritis since the age of eighteen years as well 
as periodic ptosis of the left lid. Tensilon tests were 
negative during the times when the lid was ptosed. 
There was a history of polydipsia and polyuria for 
several years. The first attack of muscle weakness 
occurred thirteen months prior to admission at which 
time she was unable to walk for a period of eight to 
twelve hours. The attacks became more frequent, and 
at times would only involve isolated muscle groups. 
The episode prompting her admission was the most 
severe and was totally incapacitating. 

On examination she was an asthenic woman with 
flaccid quadriplegia, hyporeflexia and lethargy. She 
appeared apprehensive and frightened but was 
otherwise normal. 

The hemogram was normal. The urinary specific 
gravity was 1.006, the urine pH 6.5 to 7.0 units. There 
was 1-plus proteinuria and many white blood cells 
were seen in the urinary sediment. The serum potas- 
sium concentration was 1.28 mEq./L., sodium 147 
mEq./L., chloride 120 mEq./L., and carbon dioxide 
combining power 14 mEq./L. A blood calcium was 
7.7 mg. per cent, phosphorus 1.6 mg. per cent, 
alkaline phosphatase 1.6 Bodansky units per 100 ml., 
non-protein nitrogen 32 mg. per cent, and uric acid 
2.6 mg. per cent. A two-hour urinary excretion of 
phenolsulfonphthalein was 70 per cent. The electro- 
cardiogram showed ST-T wave changes of hypo- 
kalemia. Roentgenograms revealed bilateral nephro- 
calcinosis but no evidence of osteomalacia. 

Treatment was vigorous, with intravenous admin- 
istration of potassium and an oral alkalinizing solu- 
tion. There was striking clearing of the muscle 
paralysis in a few hours but frank tetany appeared on 
the third and fourth days, with carpopedal spasm and 
a markedly positive Trousseau sign. The serum 
calcium levels were normal during the tetanic episode 
and the serum potassium concentration had risen to 
3.3 and 3.5 mEq./L., respectively. The tetany cleared 
with further potassium therapy and she was dis- 
charged asymptomatic on the fifth hospital day. The 
serum electrolytes at the time of discharge were 
normal except for slight hyperchloremia. 

She has been followed up for the past seven years 
as an outpatient and has continued to take alkaliniz- 
ing solution, but supplementary potassium has not 
been necessary. There have been no further paralytic 
or hypokalemic episodes although the urine has 
remained persistently alkaline and hyposthenuria 
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continues. There have been several attacks of pye- 
lonephritis which have cleared each time after anti- 
biotic therapy; her renal function has remained 
normal. The serum uric acid has remained low, a 
peculiarity for which no obvious explanation has been 
found. 


Comment: The patient demonstrated typical 
RTA with profound potassium depletion. Follow- 
ing electrolyte repletion on her first admission 
she has remained in potassium balance without 
supplementary potassium. The only electro- 
lyte medication required over this seven-year 
period has been the alkalinizing Shohl’s solu- 
tion, which suggests that possibly sodium loss, 
hypovolemia and secondary aldosteronism were 
important factors in the initial potassium de- 
pletion syndrome [70,77]. Marked tetany de- 
veloped in the recovery period, a point of special 
interest. 


Case tm. M. B., a fifty-five year old white woman, 
was admitted to Duke Hospital for the second time in 
August 1954 with complaints of inability to walk, sit 
or use her arms because of muscle weakness. Eight 
months prior to admission congestive heart failure 
developed for which she was hospitalized. She was 
considered at that time to have rheumatic heart 
disease. An electrocardiogram was normal, as were 
blood non-protein nitrogen, sodium, potassium and 
carbon dioxide combining power. She responded well 
to treatment with mercurials and digitalis but acute 
pyelonephritis developed while in the hospital, which 
was treated successfully with Gantrisin.® Four months 
prior to her second admission she first noted weakness, 
anorexia, easy fatigability, polyuria and polydipsia, 
nausea and occasional vomiting culminating in the 
profound muscle paralysis present at the time of her 
admission. 

Examination revealed a chronically ill, white 
woman with profound muscle weakness. The blood 
pressure was 150/80 mm. Hg. Several hard thyroid 
nodules were palpable. The heart was moderately 
enlarged and there was a grade 3 apical systolic mur- 
mur. There was no edema and the reflexes were 
normal. 

The hemogram was normal. Examination of the 
urine disclosed a specific gravity of 1.008, 1-plus 
protein, a pH of 5.0 units and numerous white blood 
cells/high power field. The blood non-protein nitro- 
gen concentration was 79 mg. per cent, and in each 
liter of serum there were 123.9 mEq. of sodium, 1.8 
of potassium, 82.7 of chloride and 15.2 of carbon 
dioxide combining power. A_ two-hour phenol- 
sulfonphthalein excretion was 20 per cent and 
intravenous urograms showed decreased excretion but 
no evidence of nephrocalcinosis. 

The patient was given large amounts of sodium and 
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potassium intravenously, with rapid and dramatic 
improvement. The serum electrolytes gradually re- 
turned to normal and the azotemia cleared. She was 
discharged after eighteen days and required no 
specific treatment. She was then followed in the 
medical clinic. Shohl’s alkalinizing solution was 
prescribed nine months later because of the develop- 
ment of typical tubular acidosis with a serum chloride 
of 111.4 mEq./L., CO, combining power of 14.7 
mEq./L., potassium of 2.4 mEq./L. and sodium of 
130 mEq./L. The urine became more alkaline (pH 
of 6.5 and 7.0 units). Over the next fourteen months 
she required supplemental potassium as well as the 
alkalinizing solution but in spite of this continued 
to have a persistent hypokalemia and hyperchloremic 
acidosis, which finally cleared spontaneously. She was 
readmitted three years after the episode of severe 
paralysis and hypokalemia for evaluation of renal 
function. At this time there was no evidence of 
excessive renal excretion of sodium or potassium. 


Comment: The second hospital admission of 
this patient was prompted by a severe deficit of 
both potassium and sodium due to excessive 
renal and gastrointestinal losses. Only later did 
typical renal tubular acidosis develop, which 
persisted for fourteen months and then subsided 
spontaneously. The patient appears at the time 


of this writing to be enjoying relatively good 
health and has had no further diminution in 
renal function. 


Case Iv. P. E., a forty-five year old white woman, 
was admitted to Duke Hospital on May 20, 1957, 
because of the sudden onset, on the night prior to 
admission, of flaccid quadriplegia which was thought 
to be poliomyelitis by the local physician. She had 
undergone a thyroidectomy twelve years prior to 
admission for thyrotoxicosis but had been asympto- 
matic otherwise except for a two-year history of poly- 
uria and polydipsia with nocturia three to four times 
and occasional dysuria. 

She appeared normal on examination except for a 
flaccid quadriplegia and areflexia. The blood pressure 
was 136/56 mm. Hg and the pulse rate 80 per minute. 
The pulses were bounding, capillary pulses were 
elicited, and “‘pistol-shot’’ sounds could be heard 
over the large arteries. A grade 1 aortic diastolic 
murmur was heard along the left sternal border. 

The hematocrit was 30 per cent. Blood analyses 
were normal. The maximal urine specific gravity was 
1.016, there was 1-plus proteinuria, the pH was 7.0 
units. A urine culture showed growth of Staphylo- 
coccus albus organisms. The blood non-protein 
nitrogen was 60 mg. per cent and the total phenol- 
sulfonphthalein excretion in two hours was 63 per 
cent. The serum potassium was 1.5 mEq./L., chloride 
117.6 mEq./L., and the carbon dioxide combining 


power was 16.9 mEq./L. The serum calcium was 
8.9 mg. per cent, phosphorus 5.4 mg. per cent, 
alkaline phosphatase was 2.6 Bodansky units. The 
tubular reabsorption of phosphorus was 77 and 100 
per cent on two separate occasions. An electrocardio- 
gram showed changes of hypokalemia. The total 
twenty-four-hour urinary potassium excretion was 
13.6 mEq. at a time when the serum potassium con- 
centration was only 1.5 mEq./L. Roentgeno- 
grams showed no evidences of nephrocalcinosis or 
osteomalacia. 

Over a thirty-six-hour period 
potassium were given, with complete clearing of the 
paralysis. The serum potassium level rose to 7.1 
mEq./L., but gradually returned to normal as did the 
non-protein nitrogen. The only abnormalities at the 
time of discharge were a slight hyperchloremia of 
107 mEq./L. and a persistently alkaline urine. 
Following discharge she has been well for thirteen 
months on therapy with alkalinizing solutions and 
potassium supplements and has had no further 
difficulty. 


1,150 mEq. of 


Comment: This patient showed the interesting 
finding of hyperkalemia following potassium 
administration, demonstrating the relatively 
fixed output of potassium that is characteristic 
of some of these patients [8]. The possibility 
of overloading with potassium makes it essential 
to perform careful serum electrolyte analyses 
during the treatment phase. ‘The azotemia pres- 
ent on admission probably resulted from 
hypokalemic nephropathy [72]. 


Case v. H. T., a forty-two year old Negro woman, 
was admitted to Duke Hospital on May 9, 1956, be- 
cause of the sudden onset of flaccid quadriplegia. 
She had been well until one month prior to admission 
when she spontaneously aborted during the third 
month of pregnancy. Three weeks prior to admission 
stiffness of her legs developed, followed shortly there- 
after by muscle weakness. Four days prior to admis- 
sion she had profound weakness, fell to the ground, 
and was unable to move. 

Examination revealed a strikingly healthy looking 
woman who, however, was completely paralyzed 
and areflexic. The hemogram was normal. The urine 
pH was 7.5 units, the specific gravity 1.005, and the 
sediment contained many white blood cells/high 
power field. There was 2-plus proteinuria. The two- 
hour excretion of phenolsulfonphthalein was 55 per 
cent. A serum calcium concentration was 8.6 mg. per 
cent, phosphorus 2.2 mg. per cent, alkaline phos- 
phatase 1.9 Bodansky units per 100 ml., sodium 154 
mEq./L., potassium 1.66 mEq./L., chloride 114 
mEq./L., carbon dioxide combining power 20 
mEq./L. and non-protein nitrogen 25 mg. per cent. 
Roentgenograms revealed no evidence of osteomalacia 
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or nephrocalcinosis. An electrocardiogram showed ST 
and T wave changes of hypokalemia. 

She was given 70 mEq. of potassium intravenously 
during the first twenty-four hours and on the second 
day frank tetany developed lasting twenty-four hours. 
At this time the serum potassium was 2.2 mEq./L. 
and the calcium was 8.6 mg. per cent. The muscle 
strength was normal on the third day and the patient 
was discharged with instructions to take sodium bi- 
carbonate 5.4 gm. per day. She was feeling well one 
month later at which time there was no proteinuria 
and her serum electrolytes were essentially normal. 
During the subsequent two years she has remained to- 
tally asymptomatic without supplementary potassium. 


Comment: The most interesting feature here 
was the catastrophically sudden onset of paraly- 
sis in this patient, not previously described. The 
tetany was more marked than in Case u1. The 
hypophosphatemia and proteinuria cleared with 
potassium replacement. 


Case vi. E. C., an eight year old Negro girl, was 
admitted to the Pediatrics ward of Duke Hospital in 
February 1958 with an eight-hour history of nausea, 
vomiting, weakness and difficulty with walking and 
talking. She had had an upper respiratory infection 
for the seven days prior to admission and had had 
achondroplasia and dwarfism since birth. Her mother 
also was an achondroplastic dwarf but had no history 
of renal disease. 

The patient was normotensive with a pulse rate of 
76 per minute. The achondroplasia was readily 
apparent; she had a blank expressionless face, and 
could move, walk and talk only with great difficulty. 
Her gait was broad-based and unsteady, and the deep 
tendon reflexes were normal. 

The hemogram was normal. The urine pH was 6.5 
units, the specific gravity 1.002 and 1.004, and there 
was a trace of protein but no glycosuria. The blood 
non-protein nitrogen concentration was 28 mg. per 
cent, potassium 2.4, 2.3, and 3.3 mEq.,L., sodium 
137 mEq./L., chloride 112.1 mEq./L., carbon dioxide 
combining power 14.3 mEq./L. A serum electro- 
phoretic pattern was normal, but aminoaciduria was 
apparent when tested with a paper chromotographic 
technic. A fasting and a two-hour postprandial blood 
sugar were normal. 

She was treated with supplementary potassium 
with immediate and dramatic clearing of the muscle 
paralysis. She was readmitted in April 1958 because 
of flaccid quadriplegia of four hours’ duration. At this 
time the serum sodium concentration was 142 mEq./ 
L., potassium 2.0 mEq./L., chloride 116.9 mEq./L., 
carbon dioxide combining power 14.3 mEq./L., 
calcium 9.6 mg. per cent, phosphorus 1.5 mg. per 
cent and alkaline phosphatase 3.0 Bodansky units per 
100 ml. She was treated again with potassium-con- 
taining and alkalinizing solutions, with rapid im- 
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provement. A twenty-four—hour urinary potassium 
excretion was 19.9 mEq. at a time when the serum 
potassium concentration was 2.0 mEq./L. There was 
no evidence of sodium wasting by the kidneys and a 
venous pH was 7.25 units. The urinary phenol- 
sulfonphthalein excretion was 55 per cent in two 
hours. A Pitressin® test led to no increased urine con- 
centration with a maximum specific gravity of only 
1.010. 


Comment: The presence of achondroplasia in 
this patient and in her mother suggested a possi- 
ble relation between the cartilage disorder and 
the renal tubular acidosis. Urine and blood 
analyses were performed in family members and 
found to be normal. The aminoaciduria present 
in this case may reflect a more generalized dis- 
order of renal tubular function. It is of interest, 
however, that Denton et al. have observed 
aminoaciduria and peptiduria in one patient 
with hypokalemia and acidosis which cleared 
completely after correction of both electrolyte 
abnormalities [73]. 


CasE vu. S. W., a twenty-three year old Negro 
woman, was admitted to Duke Hospital on April 28, 
1958, for evaluation of recurrent bouts of muscle 
paralysis. Her past history was of considerable interest 
in that in 1952 she was admitted to Duke Hospital 
with classic thyrotoxicosis treated by subtotal thyroid- 
ectomy. In 1955 she was seen in the medical outpatient 
clinic because of acute pyelonephritis, which re- 
sponded well to treatment with Gantrisin. On both 
of these occasions the urine pH was acid. Five to six 
months prior to her last admission she began noting 
easy fatigability; moderate polyuria and polydipsia 
appeared two to three months later; and five weeks 
before admission she had the first of three episodes 
of profound muscle paralysis. Each episode began 
insidiously but progressed over twelve to twenty-four 
hours to a flaccid quadriplegia. The first two attacks 
subsided spontaneously after twenty-four hours and in 
the interval between episodes her muscle strength was 
normal. The third attack began three days before 
admission and for the first time was associated with 
dysphagia, somnolence and one or two episodes of 
vomiting. 

Examination on admission revealed a chronically ill 
and moderately dehydrated young woman. Although 
she was somewhat somnolent, she was able to recall 
details of the history. The blood pressure was 120/70 
mm. Hg, with 20 mm. of pulsus alternans. The pulse 
rate was 80 per minute and the respiratory rate 16 per 
minute. She was afebrile. All of the extremities were 
flaccid and she was unable to move them more than 
1 to 2 inches in any direction. The trunk and neck 
were involved to a somewhat lesser degree. The re- 
fiexes were normal. 
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The hemogram was normal except for an initial 
leukocytosis of 18,650 cells/cu. mm. The urine was 
persistently alkaline, with pH ranges from 7.0 to 
7.5 units. The specific gravity was never greater than 
1.013, which was the admission value. Initially there 
was 1-plus proteinuria as well as microscopic pyuria 
and hematuria but these findings cleared with elec- 
trolyte replacement alone. Admission blood chemis- 
tries revealed a sodium concentration of 143 mEq./L., 
chloride 112.1 mEq./L., carbon dioxide combining 
power 16.5 mEq./L., potassium 1.9 mEq./L., 
calcium 11.4 mg. per cent, phosphorus 3.8 mg. per 
cent, alkaline phosphatase 2.6 Bodansky units, non- 
protein nitrogen 43 mg. per cent. The phenol- 
sulfonphthalein excretion was 42 per cent in two 
hours and the blood uric acid was 2.2 and 2.6 mg. per 
cent. The serum total protein, albumin, globulin and 
cholesterol were normal. A twenty-four-hour I['*! 
uptake and the protein-bound iodine concentration 
were normal, as was an oral glucose tolerance test. 
The urine during the first twenty-four hours con- 
tained a total of 33 mEq./L. of potassium. The urine 
amino acids were not elevated. Routine cultures were 
negative. A twenty-four hour urine aldosterone meas- 
ured by Dr. Ralph Peterson (National Institutes of 
Health) by an isotopic dilution technic was 4 ug. 
(normal = 4 to 25 ug.). This was collected at a time 
when the serum potassium was normal. An electro- 
cardiogram showed changes compatible with hypo- 
kalemia. A_ gastric analysis revealed histamine 
achlorhydria. Roentgenograms showed bilateral 
nephrocalcinosis but no evidence of osteomalacia. 
The urine titratable acidity and ammonia were 
persistently low. 

Initial therapy consisted of intravenously admin- 
istered potassium chloride. During the first eighteen 
hours she received 80 mEq. of potassium and noted 
marked improvement in muscle strength even though 
the serum potassium concentration was still low (2.5 
mEq./L.) at the end of the infusion. She was later 
given oral potassium supplements as well as an 
alkalinizing solution. On the third hospital day she 
was totally asymptomatic, the muscle strength was 
normal and the serum potassium was 3.0 mEq./L. 
She received a total potassium dosage of 3,696 mEq. 
and had a total urine potassium output of 1,663 mEq. 
during the nineteen-day period of hospitalization. ‘The 
serum calcium gradually returned to normal and the 
phosphorus, which initially was normal, decreased to 
a level of 2.1 mg. per cent but had also returned to 
normal at the time of her discharge. The serum 
electrolytes and non-protein nitrogen at the time of 
discharge were normal except for a serum chloride 
concentration of 107 mEq./L. 

The finding of histamine achlorhydria suggested a 
possible generalized dysfunction of hydrogen ion 
production. It seemed possible that this might be 
secondary to carbonic anhydrase deficiency since the 
cells of the kidney and stomach both contain large 


quantities of this enzyme. The possibility of red blood 
cell involvement as well suggested an experimental 
approach. Carbonic anhydrase activity was measured 
in the patient’s red blood cells by the method of Miller, 
Dessert and Rublin [74], together with that of twelve 
control subjects. The control values varied from 8.17 
to 10.75, the patient’s value was 9.69 enzyme units/ 
microliter of red blood cells. The patient’s alveolar 
arterial pCO: gradient was also determined and 
found to be normal indicating that the enzyme present 
was functioning normally in respect to carbon dioxide 
production [75]. 

Several standard oral ammonium chloride loads 
were given and at no time was there any effect on 
urine pH, titratable acidity or ammonium secretion. 
An oral sodium chloride load (6 gm.) had no effect on 
urine potassium output. 

The response to sodium phosphate loading did not 
vary from previous reports. After 1,000 cc. isotonic 
sodium phosphate buffered to pH 7.4 was infused 
intravenously, the urine titratable acidity increased 
tenfold, ammonium production increased twofold, 
and the urine pH decreased from 7.2 to 6.44 units 
during the four-hour study period. 

The patient’s father, mother, four brothers and one 
sister were studied even though none had a history of 
renal disease. The serum electrolytes were determined 
in each member and the urines were measured for pH. 
Two brothers as well as the father had a urine pH of 
7.5 units and three of the siblings had serum chlorides 
of 106 to 109 mEq., which is slightly above normal for 
this laboratory. Each member was given a standard 
oral ammonium chloride load and serial urines were 
obtained. In each member the response was normal, 
an increase in acidity of the urine. 


CasE vin. M. W., a twenty-one year old Negro 
man, was first seen at Duke Hospital in 1948 at the 
age of twelve years. He had a long history of physical 
and mental retardation. Nocturia three to four times, 
with enuresis had long been troublesome. He had also 
had occasional early morning nausea and vomiting 
for years. Several months prior to this outpatient 
clinic visit he had had frequent tetanic contractions of 
his hands. No cause was found for his difficulties on 
this visit and he was not seen again until March 1952 
when he was admitted with a history of weakness 
progressing over an eleven-day period to confusion, 
disorientation and semicoma. 

Examination revealed a normotensive, dehydrated, 
poorly developed and malnourished Negro man who 
responded only faintly to commands. There was gen- 
eralized hyporeflexia and paralysis of skeletal muscles. 
The hemogram was normal. The urine was alkaline 
with a specific gravity of 1.008. The blood showed the 
non-protein nitrogen to be 25 mg. per cent, calcium 
8.5 mg. per cent, phosphorus 3.1 mg. per cent, carbon 
dioxide 58.5 mEq./L., chloride 41.3 mEq./L., potas- 
sium 1.28 mEgq./L., sodium 128.2 mEq./L. and 
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alkaline phosphatase 1.9 Bodansky units per 100 ml. 
An electrocardiogram showed hypokalemic changes. 
The two-hour phenolsulfonphthalein excretion was 
55 per cent. Intravenous pyelograms showed bilateral 
hydronephrosis without calcification. A bone survey 
revealed only that his bone age was three years behind 
the expected value for his age. 

He was treated with large intravenous infusions of 
potassium chloride and sodium chloride, and within 
five hours was alert and began to improve rapidly 
and progressively. A twenty-four—hour urine poiassium 
excretion was 107 mEq. at a time when the serum 
potassium was 1.60 mEq./L. He was subsequently 
given 30 to 38 gm. of oral potassium chloride and 6 
gm. of sodium chloride ‘twenty-four hours in addition 
to large amounts of dietary potassium. A twenty-four 
hour urine chloride excretion was 143 mEq. when the 
serum chloride was 41.8 mEq./L. He was discharged 
asymptomatic after thirty-three days and on dis- 
charge his electrolytes were sodium 145.5 mEq./L., 
chloride 85.5 mEq./L., potassium 2.74 mEq./L., 
and carbon dioxide combining power 41.8 mEq./L. 

He was then lost to follow-up until October 1955, 
but had been well in the interim except for polyuria, 
polydipsia, enuresis and occasional tetanic episodes. 
The serum potassium concentration at this time was 
1.8 mEq./L., chloride 82 mEq./L., calcium 11.1 mg. 
per cent, phosphorus 3.2 mg. per cent, and sodium 
145 mEq./L. 

In March 1956 he was readmitted to the hospital for 
further evaluation, having continued in the interim 
between admissions to work and feel well. He was still 
underdeveloped and had a positive Chvostek and 
Trousseau sign. The hemogram was normal. The 
urine was alkaline, with 2-plus protein, and the 
specific gravity never exceeded 1.012. The carbon 
dioxide combining power was 29 mEq./L., chloride 
84.1 mEq./L., sodium 131.9 mEq./L., and potassium 
2 mEq./L. A two-hour urine excretion of phenol- 
sulfonphthalein was 60 per cent. The blood non- 
protein nitrogen was 30 mg. per cent. An electro- 
cardiogram again showed profound changes of 
hypokalemia. He received 1,976 mEq. of potassium as 
potassium chloride during an eight-day hospitaliza- 
tion, in addition to the potassium present in his diet 
and in 240 cc. of orange juice daily. With this the 
serum potassium rose to 3.3 mEq./L. on the day of 
discharge without any change in the carbon dioxide 
combining power or chloride. On returning to the 
medical clinic ten days following discharge the serum 
potassium was 1.0 mEq./L. and the carbon dioxide 
was 43.7 mEq./L. The urine remained alkaline and, 
in spite of the marked drop in potassium, the patient 
noted no decrease in his strength or increased fre- 
quency of tetany. A twenty-four—hour urine aldoster- 
one concentration in 1956 was found to be 200 ug. 
per cent measured as deoxycorticosterone equivalents. 
Two subsequent determinations, however, have been 
normal. Baseline urinary 17-hydroxycorticosteroids 
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and 17-ketosteroids were normal but the response to 
ACTH administration was slightly exaggerated. On 
May 11, 1956, the serum potassium was 1.6 mEq./L., 
carbon dioxide combining power 33.9 mEq./L., and 
non-protein nitrogen 29 mg. per cent. He was referred 
to the National Institutes of Health in November 1957 
where he was again demonstrated to excrete excessive 
quantities of sodium and potassium in the urine re- 
gardless of any variation in intake. The urine re- 
mained persistently alkaline and dilute. It was the 
opinion at the National Institutes of Health that he 
had some form of renal tubular disease resulting in 
hypokalemia and alkalosis. Intravenous pyelograms 
at the National Institutes of Health revealed changes 
of nephrocalcinosis and hydronephrosis. 


Comment: This patient has presented an ex- 
tremely challenging problem both diagnostically 
and therapeutically since first seen ten years ago. 
He had maintained extreme degrees of hypo- 
kalemia throughout despite massive potassium 
supplementation, and he has persistently ex- 
creted large amounts of potassium in the urine at 
times when the serum level ranged from 1 to 2 
mEq./L. 

On his initial hospitalization, in addition to 
being potassium-depleted, he was shown also to 
excrete increased quantities of sodium and 
chloride. The urinary chloride was 143 mEq./ 
twenty-four hours when the serum chloride was 
only 41.3 mEq./L. A marked tolerance to 
hypokalemia has developed in the patient as 
demonstrated by being ambulatory and feeling 
well with a serum concentration of only 1 to 2 
mEgq./L. He has had persistently positive 
Trousseau and Chvostek signs. Although he has 
had one increased urinary aldosterone value, it 
would seem unlikely that he had primary 
aldosteronism in view of the early age of onset, 
the absence of hypertension, the presence of 
hydronephrosis and nephrocalcinosis, and the 
demonstration early in his course of salt wasting. 
It is now believed that he has renal tubular 
alkalosis with periodic secondary hyperaldo- 
steronism [70,77] which may be in part related 
to the excessive sodium and chloride loss in the 
urine. 

Recently Borst et al. [76] have reported a 
somewhat similar patient with refractory hypo- 
kalemia and tetany. In addition, their patient 
also had alkalosis, alkaline urine, excessive 
renal potassium loss, transient hypercalcemia 
and normal blood pressures. Borst’s patient, 
however, did not have the associated sodium 
and chloride wasting, muscle paralysis or 
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impaired urine concentration shown by M. W. 
(Case vim). 


Case 1x. I. B., a twenty-four year old white 
woman, was admitted to Duke Hospital on May 28, 
1958, with a two-day history of progressive muscle 
weakness. She gave a life long history of polyuria and 
polydipsia. She was six months’ pregnant at the time 
of admission. With her last four pregnancies she had 
had occasional periods of generalized muscle weakness 
lasting twenty-four to forty-eight hours. Two days 
prior to admission she gradually became weak and 
this progressed until she was unable to walk or sit 
alone. 

Examination revealed a thin, white woman appear- 
ing much older than her stated age. The blood pres- 
sure was 105/65 mm. Hg. She had complete absence 
of teeth. A six months’ gravid uterus was noted. The 
reflexes were normal, but all skeletal muscles were 
profoundly weak and she was unable to lift her 
extremities from the bed. 

The hemogram was normal. The urine pH was 7 to 
7.5; the specific gravity never exceeded 1.006. The 
blood non-protein nitrogen was 42 mg. per cent, 
potassium 1.8 mEq./L., chloride 114 mEq./L., car- 
bon dioxide 16.9 mEq./L., sodium 139 mEq./L., 
calcium 9 mg. per cent, phosphorus 3.5 mg. per cent, 
alkaline phosphatase 2.0 Bodansky units, uric acid 
4.1 mg. per cent, phenolsulfonphthalein urinary excre- 
tion 75 per cent in two hours. A gastric analysis 
revealed free acid to be present and an arterial 
pH was 7.3 units. Urine cultures were negative. A 
glucose tolerance test was normal. An electrocardio- 
gram showed hypokalemic changes, and a spot sample 
of urine on admission contained 33.5 mEq./L. of 
potassium. 

The patient was treated with potassium salts orally 
totalling 56 mEq. of potassium daily. There was com- 
plete return of muscle function after forty-eight hours. 
An ammonium chloride load of 10 gm. given orally 
led to no decrease in urinary acidity over a four-hour 
period. The serum electrolytes at the time of discharge 
were normal except for persistent hyperchloremia. 
Administration of Diamox,® 1 gm. daily, increased the 
twenty-four-hour urinary output of potassium from 45 
to 155 mEq. and the sodium output from 35 to 122 
mEq. Members of the family were studied and found 
to have no abnormalities by urine analysis. 


Case x. L. T., a thirty-six year old white woman, 
was admitted to Duke Hospital on January 13, 1958, 
with a one and a half year history of easy fatigability, 
anorexia, weight loss and periodic episodes of muscle 
weakness. One year prior to admission she first noted 
polyuria, cold intolerance, polydipsia, hair loss, 
constipation, decreased sweating, dry skin, numbness 
of hands and feet, and intermittent carpopedal spasm. 
She was admitted to a local hospital and after pre- 
liminary study there was referred to Duke Hospital 


with the presumptive diagnosis of Addison’s disease. 
The past history was significant in that she had had 
pyelonephritis with several of her pregnancies. 

She appeared chronically ill with marked gen- 
seralized weakness. The blood pressure was 85/60 mm. 
Hg, the pulse rate was 60 per minute and regular. 
Chvostek and Trousseau signs were not present. 
The skin was dry, with changes of carotenemia. The 
thyroid gland was not palpable and the liver de- 
scended 2 fingerbreadths below the right costal margin. 
Deep tendon reflexes showed a slow relaxation phase 
and there was pallor of the nail beds and mucous 
membrane. 

The hemoglobin was 8 gm. per cent, hematocrit 
25 per cent, red blood cells 2.58 million/cu. mm., 
reticulocyte count 1 per cent. The white blood cell 
count was 3,850/cu. mm. with 48 per cent poly- 
morphonuclear cells on differential counting. The 
urine pH was 7.0 units and the specific gravity 1.006. 
There was a trace of proteinuria and 10 to 15 leuko- 
cytes/high power field in the sediment. A urine 
culture grew out Escherichia coli organisms. The blood 
non-protein nitrogen was 28 mg. per cent and the 
two-hour urinary excretion of phenolsulfonphthalein 
was 25 per cent. A serum sodium was 135 mEq./L., 
potassium 2.8 mEq./L., chloride 116.2 mEq./L., 
carbon dioxide combining power 17 mEq./L., cal- 
cium 8.0 mg. per cent, phosphorus 2.3 mg. per cent, 
alkaline phosphatase 2.8 Bodansky units, total pro- 
teins, albumin and globulin normal, and cholesterol! 
250 mg. per cent. A twenty-four—hour I'!*! uptake was 
15 per cent, the protein-bound iodine was 1.7 ug., 
and the basal metabolic rate was —25 per cent. A 
chest roentgenogram revealed no abnormalities, but 
abdominal roentgenograms showed evidence of 
nephrocalcinosis. ‘Twenty-four-hour urinary 17- 
hydroxycorticosteroids and 17-ketosteroids were de- 
termined and found to be normal. 

The patient was treated with desiccated thyroid 
and an alkalinizing solution containing potassium. 
In the eight month follow-up since discharge she has 
shown marked improvement in all symptoms and the 
serum electrolytes are now normal. 


Comment: This is the only example known to us 
of the combination of hypothyroidism and renal 
tubular acidosis. i is of interest that she also 
had hypokalemia and hypophosphatemia, and 
that muscle weakness was the dominant com- 
plaint. Nephrocalcinosis was demonstrated by 
x-ray examination. 


COMMENTS 


Ten patients are reported who presented a 
clinical syndrome of muscle paralysis and hypo- 
kalemia in association with renal tubular disease. 
The major clinical, chemical and urinary find- 
ings are tabulated in Tables 1, 1 and m1. 
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TABLE I 
CLINICAL FEATURES 


| History of 
Pyelonephritis 
| *) 


Age (yr.) 


| Nephro- | Polyuria 
and Sex : 


| calcinosis | 


+1 ++ 
l++++ 


++++ | 


| Polydipsia | Tetany 


| 
++++ 
| 


| Associated | 
Thyroid Hyperactive 
| Circulation 


Associated 
Sodium 
Wasting 


Abnormal 
State of 


Consciousness Disease 


TABLE II 
BLOOD CHEMICAL FINDINGS ON ADMISSION 


| | 
Potassium | CO: | Chloride | 
(mEq./L.) | (mEq./L.) | (mEq./L.) | 


Sodium 
(mEq./L.) 


Patient 


(mg. %) 


Non-protein | 
Nitrogen 


Phenol- 
sulfon- 

| phthalein 
(2 hr.) 
Excretion | 


Alkaline 
Phosphatase 
(Bodansky units) 


Uric Acid 


Calcium | Phosphorus 
(mg. %) 


(mg. %) (mg. %) 


| 
| 
| 


on 


.6 


=) 


NR 


| 
| 
| 
| 


| 
| 
| 


Re 
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TABLE III 
URINE FINDINGS ON ADMISSION 


Patient 
| 


Specific Gravity 


Urine Potassium Amino Acids 


015 
006 
008 
016 
005 
004 
013 
006 
006 


. . 


85 mEq./L. 


19.9 mEq. /24 hr. 
33 mEq./L. 

107 mEq. /24 hr. 
33.5 mEq./L. 


Muscle paralysis was the dominant and usu- 
ally the presenting complaint in all ten patients, 
and in every instance was related to hypo- 
kalemia. Such paralysis may result from 
hypopotassemia due to any cause and has 
been described in several different diseases. 
Hypokalemic paralysis may result from excessive 
excretion by the kidneys or gastrointestinal 
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tract or from redistribution with a shift of the 
cation into cells. Renal wasting of potassium 
with paralysis has been noted in a variety of dis- 
eases including the Fanconi syndrome [5,77,78], 
nephrotic syndrome [79,20], diuretic phase of 
acute tubular necrosis [27], treatment phase of 
diabetic acidosis [22,23], primary aldosteronism 
[24], para-aminosalicylic acid and liquorice 


M.B. | 55,F | 4 4 
P. E. 45, F 4 4 
E. C. 8,F | 4 
L. T. 36, F + 
| | | 
| 
| 
| | 
F.T. | 122 33 | 77% 5 
A. M. 147 | 120 32 | 70% 7 6 2.6 
M. B. 123.9 | 79 | 20% 1 6 
P. E 147 | 117 60 | 63% - 6 
H. 1 154 114 25 | 55% 6 9 iin 
E. C. 142 116.9 28 55% | 6 | 0 a 
S. W. 143 | 112.1 43 42% | 16.4 | a 2.2 
M. W. 120.2 41.3 25 | 55% | 5 9 ‘in 
1. B 139 | | 114 42 | 75% 0 0 4.1 
L. 1 135 116.2 28 | 25% 8 
| 
7 | 
E. | 13.6 mEq./24 hr. 
| | 
W. Negative 
Ww. | | | 
B. | | gg 
| | | 
7 
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therapy [25,26], ‘‘salt losing nephritis” [27], and 
following bilateral ureterosigmoidostomy [28]. 
Any disease state accompanied by profound 
vomiting or diarrhea may cause excessive losses 
of potassium with resultant hypokalemia. Pro- 
found and fatal potassium depletion has been 
described in association with non-insulin-secret- 
ing islet cell tumors of the pancreas [29]. Other 
more common gastrointestinal diseases mani- 
festing hypopotassemia include sprue, pancreatic 
insufficiency [30,37], intestinal obstruction, and 
excessive use of laxatives [32,33]. Familial 
periodic paralysis is associated with an ac- 
cumulation of potassium within the muscle 
cells, with a decrease in the extracellular con- 
centration but no over-all depletion of body 
stores [34-37]. 

The muscle paralysis in the patients reported 
usually began insidiously with weakness and 
progressed gradually over a twenty-four to forty- 
eight hour period to complete flaccid quadri- 
plegia. One patient had a sudden catastrophic 
onset with profound muscle paralysis and inabil- 
ity to move. The precise pathogenesis of the 
paralysis in these patients is unknown but a 
decreased ability to synthesize high energy 
phosphate bonds has been found in experimental 
animals depleted of potassium [38,39]. Another 
possible mechanism is an alteration in polariza- 
tion of the muscle cell membrane. Whatever the 
mechanism of the paralysis, recovery was com- 
plete in all ten patients following replenishment 
of potassium stores. Unusual neuromuscular 
phenomena, not previously described as mani- 
festations of hypokalemia, were observed in 
Case 1. These included facial and external ocular 
muscle weakness as well as urinary incontinence. 
Two patients were comatose and two others 
were markedly somnolent during the hypo- 
kalemic phase—findings which cleared after 
potassium therapy. 

Hypokalemia was extreme in all patients; 
the average serum concentration was 1.71 
mEq./L. at the time of paralysis, and the pa- 
tients who were placed on balance studies 
retained large amounts of potassium in the 
recovery period. The six patients in whom the 
urinary potassium was determined during the 
episode of hypokalemia all excreted excessive 
quantities. (Human subjects with normal kidneys 
excrete less than 10 mEq. of potassium/twenty- 
four hours when markedly depleted of potassium 
[5,40-42|.) The finding of a transient hyper- 
potassemia in Czse 1 following treatment illus- 


trates the tendency of these patients to have a 
fixed urinary output of potassium and the real 
danger of overloading them during treatment [8]. 

The incidence of hypokalemia in patients with 
renal tubular acidosis cannot be determined, as 
balance studies have not been performed in 
most cases reported, but all nine patients re- 
ported here had severe hypokalemia. The 
mechanism whereby the kidneys excrete in- 
creased amounts of potassium in renal tubular 
acidosis is not known. It is presumably related 
to the defect in hydrogen ion excretion char- 
acteristic of the disorder, and to the substitution 
of potassium ions for missing hydrogen ions in a 
distal tubule cation exchange mechanism. 

The diagnosis of hypokalemia was established 
in each patient by the presence of muscle paraly- 
sis, characteristic electrocardiographic changes, 
and a low serum potassium concentration. Per- 
haps the delayed growth and mental retardation 
seen in Case vil were related to chronic hypo- 
kalemia, as growth disturbance and degenera- 
tion of epiphyseal cartilage have been described 
in experimental animals made _ potassium- 
deficient [43-47]. The findings of a_ hyper- 
dynamic circulation in Cases 1 and tv and of 
pulsus alternans in Case vui—all of which 
cleared with potassium replacement—suggested 
a cause and effect relationship. Although fre- 
quent descriptions of electrocardiographic ab- 
normalities have appeared in the literature in 
association with hypokalemia [48,49], and there 
are many descriptions of pathologic changes of 
heart muscle at necropsy [37,50], the only 
previous account of abnormal cardiovascular 
signs occurring in such patients was the descrip- 
tion of a hyperdynamic circulation in a patient 
with diabetic coma during a_ hypokalemic 
episode [22]. 

Since hypopotassemia has been shown to cause 
a vascular nephropathy in human beings [57], 
it is possible that the transient azotemia noted 
in Case tv was related to this. The hyposthenuria 
persisted in all cases even after potassium reple- 
tion, suggesting that it was due to permanent 
renal tubular disease and was not simply a 
manifestation of hypokalemic nephropathy. 

There was marked urinary loss of sodium in 
Cases m1 and vim in addition to increased potas- 
sium excretion. This phenomenon has been 
reported in one other patient, described by 
Earle et al. [27]. The sodium wasting was only 
transient in both cases, and neither required 
subsequent sodium supplements. However, so- 
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dium-restricted diets caused hyponatremia in 
Case vill, suggesting that conservation mecha- 
nisms were still impaired. The increased urinary 
excretion of both sodium and potassium suggest 
increased delivery of sodium to the distal seg- 
ment, with acceleration of the normal sodium 
and potassium cation exchange mechanism [52]. 

The ultimate prognosis of renal tubular acido- 
sis is still unknown. Six of the ten patients 
reported here have been followed up for five 
years or longer without deterioration in renal 
function and with no further paralytic or 
hypokalemic episodes. Renal function has 
actually improved in several of the patients and 
no supplementary potassium therapy is presently 
needed in four others. There have been no 
deaths in this group and none of the patients 
have been incapacitated by their disease. 

Although osteomalacia has been a prominent 
feature in other patients with renal tubular 
acidosis [53-55], it was not present in the cases 
reported. This! probably merely reflects the 
limitations of clinical and radiological methods 
in establishing this diagnosis. Hypocalcemia was 
present in several of the patients and nephro- 
calcinosis in five, suggesting increased calcium 
excretion by the kidney. 

The finding of hypercalcemia in one case, 
together with hypokalemia and tetany, was of 
interest since this combination has been reported 
in one other such patient by Elkinton et al. [56]. 
Calcium retention has been observed in patients 
with potassium deficiency as potassium was 
administered [57]. Unfortunately, no balance 
data are available which might elucidate the 
mechanism of the transient hypercalcemia seen 
in this patient. 

Hypouricemia was noted in Cases 11 and vil, 
probably the result of impaired tubular reab- 
sorption of uric acid but this abnormality cannot 
be substantiated without further data. The 
tubular dysfunction seen in Wilson’s disease and 
in the Fanconi syndrome has been associated 
with low uric acid levels and in these disorders 
increased uric acid clearance has been docu- 
mented [58,59]. 

Overt tetany was observed in Cases 1, v and 
vill as potassium therapy was being admin- 
istered, and a prior history of tetany was ob- 
tained in Case x. Tetany has been reported 
rarely in association with hypokalemia in 
patients with sprue [30], non-insulin-secreting 
islet cell tumor of the pancreas [29], para-amino- 
salicylic acid and liquorice therapy [25] and in 
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one other case of renal tubular acidosis [6]. 
Fourman noted the occurrence of tetany in 
experimental human subjects who had been 
depleted of potassium and then given potassium 
replacement therapy [60]. Engel et al. reported 
two hypokalemic human subjects with malab- 
sorption syndrome in whom tetany could be 
produced at will by infusion of potassium salts 
[30] without a concomitant change in serum 
calcium concentration. Dennis et al. have 
observed the development of tetany in cattle 
grazing on winter wheat whenever the potas- 
sium-calcium ratio was increased by infusion 
of potassium [67]. Although the mechanism 
whereby tetany develops in hypokalemic pa- 
tients is not known, Fourman was able to cor- 
relate this phenomenon best with an increased 
intracellular cation concentration [60]. 

The past history of surgically treated thyro- 
toxicosis in two cases, the presence of myxedema 
in one case, and the presence of thyroid nodules 
in a fourth case suggest a possible interrelation- 
ship between thyroid disease and renal tubular 
acidosis. The only reference in the literature 
which might be pertinent was the demonstration 
by Selye of a protective effect of thyroxine in 
preventing phosphate-induced nephrocalcinosis 
in rats [62]. 

Nine of the ten patients had the typical find- 
ings of renal tubular acidosis with hyper- 
chloremic acidosis, hypopotassemia, grossly 
normal renal function and an alkaline urine. 
Case vu cannot be fully classified as yet but 
appears to have some form of chronic renal 
tubular disease with inability to conserve 
sodium, potassium and chloride ions. 

The etiology of renal tubular acidosis has not 
been clearly established in the interval since the 
classic description of the disorder by Butler in 
1936 [63] and the first balance studies by Al- 
bright in 1940 [53]. The childhood form has been 
attributed to a congenital defect or delay in 
renal tubular hydrogen ion secretion, because 
of onset shortly after birth, a tendency to remit 
spontaneously and permanently, and the failure 
to recognize distinct renal lesions in a few re- 
reported cases [64]. That the disease may 
be genetically determined in adults has been 
suggested by the finding of at least six families in 
which more than one member has been affected 
[8,65-69]. None of the patients reported here had 
a positive family history nor were significant 
laboratory abnormalities discovered in the two 
families studied. 
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A congenital or acquired deficiency of car- 
bonic anhydrase has been suspected because of 
the inability to secrete hydrogen ions normally 
in the urine. The evidence against such a 
mechanism includes the demonstration in five 
patients of a normal response to Diamox.® 
There was in each case an intensification of the 
acidosis and elaboration of a more alkaline 
urine [70]. In Case vu the red blood cells were 
studied and found to have a normal carbonic 
anhydrase content when assayed by the method 
of Miller et al. [74]. This patient was also shown 
to have a normal arterial-alveolar 
gradient, suggesting adequate extrarenal car- 
bonic anhydrase activity [75]. The history of 
prior pyelonephritis in eight of the ten patients 
reported would suggest that the renal tubular 
acidosis might be secondary to infection. It is, 
however, impossible to exclude an increased 
incidence of pyelonephritis in potassium deple- 
tion of whatever cause. 

The primary abnormality in renal tubular 
acidosis is the inability to acidify the urine 
maximally. In 1940 Albright et al. postulated 
that the primary defect in urine acidification was 
inadequate hydrogen and ammonia production 
by the distal tubular cells. This hypothesis was 
based on careful balance studies which demon- 
strated that these patients have a persistently 
alkaline urine, a low titratable acidity, and a low 
urine ammonia output even after large am- 
monium chloride loads [53]. Latner and Burnard, 
however, showed in 1950 that urine titratable 
acidity and ammonia output could be increased 
considerably by giving intravenous isotonic 
sodium phosphate loads. ‘This suggested that the 
primary defect did not involve hydrogen and 
ammonia production, and since increased urine 
bicarbonate was noted they postulated that the 
primary abnormality was an inability of the 
proximal tubules to reabsorb bicarbonate, with 
resultant alkaline urine, low titratable acidity, 
low urinary ammonia, increased chloride re- 
absorption and increased cation excretion [77]. 
Evidence against this hypothesis was reported 
in 1954 by Smith and Schreiner who were un- 
able to increase the urine bicarbonate output 
by increasing the filtered load of bicarbonate by 
35 per cent [72]. 

Since there is good evidence that hydrogen 
production is not impaired, it seems likely 
that the abnormal acidification process repre- 
sents an impairment of hydrogen transport. A 
normal kidney will continue to secrete hydrogen 


ions against a large intraluminal gradient until 
the urine pH reaches approximately 4.5 units 
[73]. In patients with renal tubular acidosis the 
gradient is reduced and the cut-off pH for 
hydrogen ion secretion appears to be 6.5 to 7 
units. With the decrease in hydrogen secretion, 
the excretion of other cations, such as sodium, 
potassium and calcium, increases, as does bi- 
carbonate excretion. The degree of depletion of 
sodium, potassium and calcium varies widely. 
There are no reports of serious sodium deficiency. 
However, on the few occasions when the total 
exchangeable sodium was determined it was 
found to be low [72]. It is possible that sodium 
deficits, by stimulating aldosterone secretion, 
may contribute to the hypokalemia occurring in 
these patients [70,77], but the aldosterone levels 
were normal in Case vim. Excessive renal loss of 
calcium led to nephrocalcinosis in five patients 
in this series. 

The treatment of this disorder is directed 
principally toward correction of the electrolyte 
derangements and eradication of renal infection. 
The hyperchloremic acidosis can usually be 
adequately controlled by oral alkalinizing solu- 
tions, i.e., Shohl’s solution. The dosages required 
vary from patient to patient and have to be 
regulated by frequent electrolyte determinations. 
The hypokalemia is best corrected with oral 
potassium salts when possible, but in some pa- 
tients with nausea, vomiting, or alterations in 
consciousness, intravenous administration of 
potassium is required. In the latter cases careful 
clinical evaluation as well as frequent electro- 
cardiograms and serum potassium determina- 
tions are necessary because some of these patients 
have a relatively fixed urinary potassium output 
and significant hyperkalemia may develop. Since 
there is evidence that administration of sodium 
enhances the cytotoxicity of hypokalemia [74], 
and occasionally leads to the development of 
edema in hypokalemic states [75], this cation 
should be restricted during the early treatment 
phase. Frequent follow-ups are desirable, not 
only for regulation of electrolytes but also in 
relation to the apparent increased incidence 
of pyelonephritis, which should be vigorously 
treated, when present, in an attempt to prevent 
further renal damage. 


SUMMARY 


Ten patients who were hospitalized because of 
flaccid quadriplegia and hypokalemia were 
found to have renal tubular disease. Nine had 
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typical renal tubular acidosis with hyper- 
chloremia and persistently alkaline urine. One 
had an as yet poorly understood renal tubular 
disease characterized by excessive renal sodium, 
potassium and chloride loss, alkalosis, hydro- 
nephrosis, nephrocalcinosis and mental de- 
ficiency. Balance studies in several patients 
demonstrated a large negative potassium balance 
with abnormal urinary potassium losses even 
during hypokalemic episodes. 

Other clinical and laboratory features in- 
cluded polyuria, polydipsia, nephrocalcinosis, 
hyposthenuria, hypouricemia and _pyelo- 
nephritis, with occasional findings, during the 
hypokalemic phase, of normocalcemic tetany, 
hyperdynamic circulation, pulsus alternans and 
hypophosphatemia. 

Of possible etiologic significance was the 
presence or history of pyelonephritis in eight 
patients. Histamine achlorhydria in one patient 
studied suggested a possible generalized defect 
in carbonic anhydrase activity. This patient’s 
red blood cells were found to contain normal 
carbonic anhydrase activity, and her arterial 
alveolar pCO: gradient was normal at rest and 
after exercise. Although these results fail to 
support a generalized deficiency of this enzyme, 
they do not exclude a localized deficiency within 
the renal tubular cells. 

Each patient responded well to potassium 
and alkali therapy and paralysis has not re- 
curred. Renal function as measured by blood 
non-protein nitrogen, phenolsulfonphthalein ex- 
cretion, urinalysis and intravenous pyelograms 
has remained normal in all subjects, six of whom 
have been under observation for five years or 
longer. Three patients no longer require potas- 
sium supplements, and one patient appears to 
have had a complete remission from her renal 
tubular disease. 
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Periureteral Fibrosis, with a Diabetes 
Insipidus-like Syndrome Occurring with 
Progressive Partial Obstruction 
of a Ureter Unilaterally’ 


DONALD KNOWLAN, M.D., MICHAEL CORRADO, M.D., GEORGE E. SCHREINER, M.D. 
and ROGER BAKER, M.D. 


Washington, D. C. 


HE first two cases of ureteral obstruction by 
TT: non-specific inflammatory retroperitoneal 
process were reported by Ormond in 1948 [7]. 
At least twenty-two additional cases have since 
been recorded in the English literature and the 
entity has received considerable attention in the 
recent urologic literature [2-79]. Three patients 
with this disease have been studied at the 
Georgetown University Hospital in recent 
years. One of these patients presented with a 
syndrome of polydipsia, polyuria, and a clinical 
diagnosis of diabetes insipidus. This documenta- 
tion of impaired water reabsorption in develop- 
ing ureteral obstruction may complement 
recent studies which reflect the increasing 
awareness of tubular effects occurring after 
release of ureteral obstruction [20]. 

The purpose of the present report is to review 
the available literature on the unusual entity of 
periureteral fibrosis and to describe our own 
clinical experience in three cases, one of which 
may supply a clue to the pathologic mechanism. 
Plastic surgical procedures made rehabilitation 
possible in all three of our cases. 


CASE REPORTS 


Case 1. A forty-four year old male physician was 
admitted to the Georgetown University Hospital in 
1955, with a history of polydipsia and polyuria of three 
weeks’ duration, and a tentative diagnosis of diabetes 
insipidus. At age forty-one the patient was found to 
have low-grade hypertension. A urogram showed blur- 
ring of the ptosis shadow and a non-functioning left 
kidney. The left kidney was palpable. Exploration 


disclosed an adenocarcinoma of the left kidney, 
with an extremely thick capsule of scar tissue and some 
fibrocytic proliferation of the posterior bed. A left 
nephrectomy was performed. Biopsies taken on 
adjacent structures and scar tissue revealed fibrocytic 
proliferation but no tumor tissue. The blood pressure 
decreased toward normal levels, and the _post- 
operative course was uneventful. 

The patient remained well until three weeks prior to 
this hospital admission when he noticed the sudden 
onset of extreme thirst in the daytime, a compulsive 
polydipsia at night, and progressive polyuria. Daily 
urine volumes increased to 4 or 5 L., with nocturnal 
frequency of four to ten times. During this period his 
blood pressure ranged between 160 to 190 mm. Hg 
systolic and 120 to 130 mm. Hg diastolic. The urinary 
sediments were repeatedly negative. Physical ex- 
amination at that time revealed no abnormalities, 
except for hypertension (170/120 mm. Hg) and a left 
nephrectomy scar. The fundi showed arteriolar nar- 
rowing and spasm. 

Attempted fluid restriction resulted in a urine 
with a specific gravity of 1.013. The protein excretion 
was 400 mg./twenty-four hours, and the urinary 
sediment contained 5 red cells and 5 to 8 white cells 
high power field. Roentgenograms of the skull and 
long bones were normal. Hospital urinalyses revealed 
a quantitative protein excretion of 274 mg./day 
with 4 to 5 red cells, 1 to 2 white cells, occasional 
granular and hyaline casts. The urine specific gravity 
by urometer ranged from 1.013 to 1.010. The urine 
pH varied within the range of 5.0 to 6.4. The hemato- 
crit was 44 per cent; the erythrocyte sedimentation 
rate was 34 mm./hr.; and the white blood cell count 
was 7,600 per cu. mm. with a normal differential. 
The total eosinophil count was 633. The blood urea 
nitrogen was 25, the calcium was 11, and the phos- 
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Fic. 1. Case 1. Retrograde pyelogram showing upper 
ureteral obstruction and hydronephrosis. 


phorus was 4.6 mg./100 ml. The serum sodium was 
133, the chloride 93, and the potassium 5 mEq./L. 
Phenolsulfonphthalein excretion was less than 5 per 
cent in fifteen minutes, less than 5 per cent in thirty 
minutes, 10 per cent in one hour, and 10 per cent in 
two hours, for a total of 25 per cent. Clearance data 
and pitressin studies are summarized in Table 1. At 
cystoscopy, obstruction was encountered at 20 cm., 


TABLE I 
CLEARANCE AND PITRESSIN DATA IN CASE I 


| | 
- on | Period | Period | Con- 
easuremen No. 1 | No. 2 | trol* 


Endogenous creatinine clear- | 

ance, ml./min./1.73 M.?.... 
P creatinine, mg./100 ml.... .| 
Urea clearance, ml. /min. /1.73 | 


429 
P | 318 (312 


U mOsm. ft 


1.17 


U/P mOsm 


* Control period taken after twenty-four hours on our 
standard dehydration diet. 
} As determined by freezing point depression in the 


Bowman apparatus. 
t After therapy with Pitressin.® (Blood pressure rose to 


160/110 mm. Hg.) 
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Fic. 2. Case 1. Periureteral tissue. Note the proliferation 
of fibrocytes and invasion of nerve sheaths. 


but a small catheter was manipulated past the ob- 
struction to the length of 27 cm. Retrograde pyelo- 
grams obtained by Dr. C. E. Bagley showed the right 
kidney to be large in size; the renal shadow on the 
left was absent. There was a markedly dilated pelvis 
with distention in the wall of the calyces on the right 
side. The ureter was narrowed. The interpretation 
was obstructive lesion of the right upper ureter in- 
volving a considerable segment. (Fig. 1.) 

In view of these data the provisional diagnosis of 
nephrogenic polyuria, secondary to obstruction in the 
upper ureter, was made. Because of the previous 
history of hypernephroma, extension to the contra- 
lateral side was considered likely. An exploratory 
operation was carried out by Dr. Frank Jones and 
Dr. C. E. Bagley. At the level of the second to third 
lumbar vertebrae the ureter seemed bound by ad- 
hesions which appeared separable. The operative 
excision was extended medially and anteriorly and 
the ureter was brought clearly into view. It was 
found to be surrounded laterally and posteriorly by 
very dense fascia, an almost “cartilaginous-like”’ 
tissue which bound the ureter firmly between the 
levels of L2 and L5. Large portions of this material 
were separated and presented for biopsy. On frozen 
section the material revealed extensive fibrosis and 
some questionable areas which later proved to be 
fibrocytes invading nerve sheets. (Fig. 2.) The ureter 
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was freed from within the fascia and much of the 
fibrotic capsule about the ureter between L2 and L5 
was removed, and the ureter placed in a new bed. 
When viewed in this position the ureteral peristalsis 
appeared adequate. Both the anterior and posterior 
leaves of the fascia were extremely thickened. On the 
posterior aspect a deep groove was revealed, with 
an area of hemorrhage. This was in extremely pliable 
fibrotic tissue and could not be clamped or sutured, 
but was packed with Gelfoam.® During the surgical 
procedure, the patient’s blood pressure dropped from 
140/100 to 120/80 mm. Hg. Postoperatively the 
patient had a short period of oliguria. The daily 
urine volumes for the postoperative week were as 
follows: 30, 300, 800, 1,300, 1,730 and 2,760. Al- 
though the patient was on a limited liquid diet, the 
urinary sodium excretion was considerable, and on 
the fourth, fifth and sixth postoperative day was 
measured at 67, 80 and 39 mEq./twenty-four hours. 
The excretion of potassium on these days was 89, 110 
and 59 mEq., respectively. The blood urea nitrogen 
reached a peak of 104 mg. per cent on the seventh 
postoperative day, but then, with increasing urine 
volumes, declined to normal. The patient’s polydipsia 
disappeared immediately postoperatively, the blood 
pressure returned to normal, and neither the hyper- 
tension nor the polyuria has returned during the three 
years and two months the patient has been followed 
up. The excretory urogram is now completely normal. 


Comment: We believe that this patient repre- 
sents an unusual type of periureteral fibrosis with 
an associated diabetes insipidus-like syndrome 
that is unique in the English literature. It is note- 
worthy that at the time of the original nephrec- 
tomy, which would date the present illness by 
three years, the operative notes stressed the 
unusually thick fibrous capsule surrounding the 
histologically proved renal adenocarcinoma, 
presumably representing a response to the 
presence of this tumor. It is also noted that some 
retroperitoneal fibrosis was present at that time. 
Upon recurrence of symptomatology three years 
later, attention was first given to the possibility of 
contralateral spread or metastases from the 
hypernephroma. Instead an unusual instance 
of ureteral obstruction was demonstrated to 
arise from spread of fibrocytic proliferation from 
the anterior and posterior leaves of the renal 
fascia with the formation of a vise-like cuff sev- 
eral centimeters thick around the upper third 
of the ureter. Although the fibrocytes appeared 
unusually proliferative and were seen invading 
nerve sheets, there was clearly no invasion of 
the ureter, and when stripped free of its vise-like 
sheath, there appeared to be no disturbance of 
ureteral function. This case is of unusual interest 


because of its accompanying nephrogenic syn- 
drome of hypertension, polydipsia and polyuria. 
The tubular defect in the reabsorption of water 
during a progressively developing incomplete 
ureteral obstruction is reminiscent of the tubular 
defects in water and salt reabsorption that have 
recently been studied after release of urinary 
tract obstruction [20]. 


Case u. A fifty-four year old white man was ad- 
mitted to the Georgetown University Hospital for the 
first time in February 1955, with pain in the left side 
of three days’ duration. Two months prior to admis- 
sion the patient had intermittent cramping lower 
abdominal pain radiating laterally to the iliac crests. 
The pain occurred every two or three days and lasted 
two days. This pain was accompanied by abdominal 
distention and excessive flatulence. 

One month prior to admission the patient was 
studied at another hospital. Intravenous pyelography 
led to the conclusion that there was a slight “‘func- 
tional disturbance of the genito-urinary tract’’ and a 
transurethral prostatectomy was performed. Follow- 
ing surgery the patient complained of stress incon- 
tinence. Three days prior to admission sharp severe 
pain in the left flank developed, radiating into the left 
lower quadrant. A flat plate at another hospital 
suggested an abdomina! aortic aneurysm and the 
patient was transferred here for vascular evaluation. 
The excretory urogram at this hospital was normal. 

Previous operations included an appendectomy and 
a transurethral resection one month prior to this 
admission. In recent months the patient had noted 
persistent lower abdominal pain. A gastrointestinal 
cause was sought but never demonstrated. 

Physical examination revealed a blood pressure of 
160/80 mm. Hg in a well developed, well nourished 
white man, who had a grade 3 apical systolic murmur 
and a liver palpable 3 cm. below the costal margin. 
There was a low grade fever and recent weight loss. 

Urinalysis on several occasions revealed a trace of 
albumin and 8 to 9 white cells, with a positive glitter 
cell preparation. The specific gravity measurements 
of the urine ranged from 1.004 to 1.013. The hemato- 
crit was 38 per cent and the erythrocyte sedimentation 
rate was 40 mm./hour. The white blood count was 
15,000 per cu. mm. The blood urea nitrogen was 
9, the fasting blood sugar was 99 per cent. The serum 
total protein was 7.0 gm./100 ml. of which 3.4 gm. 
was albumin and 3.6 gm. was globulin. The serum 
alkaline phosphatase was 4.0 Bessie-Lowry units and 
the serum acid phosphatase was 0.1 unit. The serum 
uric acid was 3.1 mg./100 ml. A bromsulfalein test 
revealed 10 per cent retention after forty-five minutes. 
The urine culture was negative twice; on two other 
occasions following retrograde examination, pseudo- 
monas was grown in the broth but the smear was 
negative. Phenolsulfonphthalein excretion was 10 
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Fic. 3A. Case 1. Retrograde pyelogram shows obstruction 
of left ureter with large kidney and dilated calyx. 


per cent in fifteen minutes with a 45 per cent total 
in two hours. 

Chest roentgenogram revealed slightly emphy- 
sematous lungs. Plain film of the abdomen was unre- 
vealing. The aorta was calcified but not enlarged. 
Retrograde pyelograms revealed an enlarged left 
kidney and slightly dilated left calyces with the sug- 
gestion of partial obstruction of the left ureter. 
(Fig. 3A.) 

The diagnosis was left-sided pyelonephritis with 
hydronephrosis, and the patient was discharged for a 
period of prolonged antibiotic therapy. His appetite 
remained poor, with a weight loss of 20 pounds. Sud- 
den nausea and vomiting developed, coincident with 
complete anuria which persisted for three days, and he 
was readmitted to the hospital April 20, 1955. 

Physical examination at this time revealed a blood 
pressure of 140/80 mm. Hg. The patient appeared 
chronically ill, rather pale, but in no distress. There 
was a mass in the left upper quadrant that was thought 
to be kidney. The spleen was also palpable 3 cm. below 
the left costal margin. The urine revealed many 
leukocytes and a positive glitter cell preparation. The 
hematocrit was 36 per cent and the blood urea nitro- 
gen was 42 mg./100 ml. Pseudomonas was obtained 
on urine culture. Catheters were passed up both 
ureters and excellent urine flow was obtained from 
both sides. The pyelonephritis improved with anti- 
biotic therapy. 

On May 6, 1955, the patient underwent explora- 
tion. The left ureter was found to be involved in thick 
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Fic. 3B. Same case. Excretory urogram shows right 
hydronephrosis. Note postoperative improvement in left 
kidney. 


indurated tissue along its entire course. The ureter 
and aorta were contained in a common fibrous sheath. 
A biopsy was obtained and the ureter was freed of the 
fibrous tissue. While most of the ureter then appeared 
to be normal, a 3 cm. segment was exceedingly nar- 
rowed. This long stricture was split longitudinally 
through all layers. A No. 12 T tube was inserted in the 
ureter above the incised area, and one arm of it 
extended through the full length of the opened 
ureter. No attempt was made to close the ureter over 
the splinting catheter. The incision was closed with 
the T tube and a drain in place. The pathological re- 
port revealed a chronic inflammatory process and 
marked fibroblastic proliferation. The postoperative 
course was uneventful. The T tube was clamped on 
May 29, and the patient was discharged May 31, to be 
followed up with the T tube in place. The splinting 
T tube was removed in late July, eight weeks post- 
operatively. The patient was readmitted for the 
fourth time September 13, 1955, for follow-up intra- 
venous pyelogram and cystoscopy. Moderate right 
hydronephrosis was seen. (Fig. 3B.) The patient 
was discharged on September 14, to be followed up. 
On September 21, 1955, the patient was readmitted 
for the fifth time for right ureteroplasty because of 
progressive right hydronephrosis. On the day prior to 
this admission the patient had sharp, severe right 
flank pain that was persistent and associated with a 
fever of 103°r. Physical examination revealed a blood 
pressure of 110/60 mm. Hg with generalized abdomi- 
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Fic. 3C. Case mu. Excretory urogram showing marked 
right hydronephrosis. 


nal tenderness and guarding. Urine cultures revealed 
a pseudomonas. Marked right hydronephrosis was 
seen on roentgenogram. (Fig. 3C.) 

The pyelonephritis was treated prior to surgery. On 
October 5, 1955, the patient was explored and a right 
pyeloureteroplasty was performed. It appeared as if 
the entire perirenal area was involved in a fibrotic 
reaction. The ureter, difficult to find, was located lying 
in a dense thick rigid fibrous sheath involving the 
ureter and inferior vena cava to the left of the com- 
mon iliac vessels. The ureter was freed, split, and a T 
tube inserted and the wound closed. The patient's 
postoperative course was uneventful and he was dis- 
charged November 4, 1955. The T tube was removed 
eight weeks postoperatively. 

The patient was readmitted in December 1955 and 
again in April 1956. Retrograde pyelography revealed 
only minimal dilation of the right and left pelvis and 
calyces. The urine was sterile. 

On July 16, 1957, the patient was readmitted for the 
eighth time because of pain in the left calf of ten 
months’ duration. The picture was one of intermittent 
claudication of a progressive nature. The arterial 
pulsations on the left side were diminished. End- 
arterectomy was performed in the left femoral artery. 
The patient was discharged. At the time of discharge 
the blood urea nitrogen was 14 mg. per cent. The 
urinalysis was normal. He is now working, normo- 
tensive, and apparently completely well. The urinaly- 
sis has remained normal to the present time, which is 
two and a half years since his last hospital admission. 


Comment: Case 11 apparently represents pro- 
gressively developing periureteral fibrosis as a 
complication of bacterial pyelonephritis. Pseu- 
domonas was the only organism cultured but the 
patient had repeated bouts of fever and chills. 
with hypertension, weight loss and splenomegaly 
(the last not uncommon in chronic pyelo- 
nephritis). It is curious that in the early course 
pain in the flank and gastrointestinal complaints 
dominated the clinical picture [27]. It was not 
until sudden anuria, presumably resulting from 
ureteritis and inflammatory edema, that the 
magnitude of the ureteral obstruction was really 
appreciated. The diagnosis of ureteritis was 
apparent after urine flow was improved by 
ureteral catheterization and the segmental 
obstruction could be demonstrated. Plastic sur- 
gery in this case involved bridging of an unu- 
sually long segment of diseased ureter by re- 
generation of ureter around a splinting catheter. 
Unlike Case 1, the ureter was itself involved in 
the fibrocytic proliferation, and the lumen was 
narrowed to pencil point diameter. The diseased 
ureter was therefore split, and, using a modified 
T tube as a splint, a new ureter was grown 
around the T tube which was left in place. ‘This 
resulted in remarkable improvement in the 
roentgenographic appearance and apparently 
made it possible to eradicate completely the 
chronic smoldering pyelonephritis, another ex- 
ample of the role of obstruction in the etiology 
and perpetuation of pyelonephritis. While the 
patient was under observation progressive 
periureteral fibrosis occurred on the contralateral 
side and resulted in obstruction and hydro- 
nephrosis on the right. The same type of plastic 
procedure was carried out on the right side and 
has resulted in the apparently complete re- 
habilitation of this patient. It is now more than 
three years since the original diagnosis of 
periureteral fibrosis and two and a half years 
since his last operation. The involvement of the 
ureteral wall with inflammatory processes 
suggests that pyelonephritis and _ ureteritis 
played a part in the etiology of this case of 
periureteral fibrosis. 


Case m. A seventy-five year old white male at- 
torney was admitted for the first time to the George- 
town University Hospital on November 11, 1957, with 
a complaint of fever of ten weeks’ duration. Ten weeks 
prior to admission the patient had noted the onset of 
severe shaking chills, followed by fever of 104°r. He 
was hospitalized and was treated with streptomycin 
and a broad-spectrum antibiotic after three blood 
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cultures were positive for a pseudomonas. A chest 
roentgenogram was reported as revealing pneumonia. 
Following discharge from the hospital the low grade 
fever persisted, and he again received a fourteen-day 
course of antibiotics. The fever persisted, with a 15- 
pound weight loss and anorexia. He has had constipa- 
tion, hesitancy in initiating urination, and decreased 
force in the stream of several years’ duration. 

The physical examination revealed a slightly pale 
white man, appearing chronically ill, with a grade 2 
apical systolic murmur and frequent extrasystoles. 
The prostate was considerably enlarged, a benign 
hypertrophy. There were huge bilateral inguinal 
hernias. 

The urine specific gravity ranged from 1.007 to 
1.020. There were 1 to 2 white blood cells/high power 
field on microscopic examination. The hematocrit was 
38 per cent, the white blood cell count ranged between 
19,000 and 29,000 per cu. mm. with a normal 
differential. The blood urea nitrogen was 9 mg./100 
ml., and the serum acid phosphatase was 0.5 units 
The urological tract was normal. 

During a second hospital admission for fever, fa- 
tigue, anorexia and further weight loss, a mass was 
palpated in the left abdomen. A hidden malignancy 
was suspected but could not be demonstrated. Except 
for slight pyuria and leukocytosis, complete diagnostic 
studies, including x-ray studies of the gallbladder and 
chest, upper gastrointestinal series and an intravenous 
pyelogram, were unrevealing. 

The patient was readmitted to this hospital for the 
third time in January 1958, with a history of 30 pounds 
weight loss since the onset of the present illness. The 
mild low grade fever had persisted. Physical examina- 
tion revealed a temperature of 100°F. in a well 
developed, well nourished, pale, chronically ill white 
man. Examination of the abdomen revealed an ill- 
defined mass to the left of the umbilicus, about 10 cm. 
long. It could not be outlined except in its lateral 
position. 

Laboratory results included a urine with specific 
gravity ranging between 1.010 and 1.018. The urine 
albumin ranged from trace to 3 plus. Examination of 
the urine sediment revealed 5 to 10 white blood cells 
high power field and 16 to 17 white blood cells/high 
power field on another occasion. The erythrocyte 
sedimentation rate was 29 mm./hour. The hematocrit 
was 29 per cent, the white blood cell count was 20,000 
per cu. mm. without a shift to the left. The fasting 
blood sugar was 99 mg./100 ml. The serum alkaline 
phosphatase was 2.0 (Bessie-Lowrey) units. The blood 
urea nitrogen was 20 mg./100 ml. The serum sodium 
was 143 and the potassium was 5.1 mEq./L. Stool 
guaiac was a trace on one occasion and negative on 
three others. The electrophoretic protein pattern in 
the serum was within normal limits. Urine culture 
revealed no organism on smear, but a pseudomonas 
was grown out of the broth. Blood cultures on two 
occasions grew out Bacillus subtilis, but otherwise 
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Fic. 4. Case m. Left hydronephrosis with ureteral 


obstruction. 


were normal. An upper gastrointestinal series revealed 
a small ulcer in the cardia of the stomach. 

Intravenous pyelogram revealed poor excretion of 
dye in the left kidney. There was obliteration of the 
left psoas shadow. A retrograde pyelogram showed 
marked left hydronephrosis with obstruction of the 
left ureter by an extrinsic mass. (Fig. 4.) The patient 
had a low grade fever of 99 to 100°F., which rose 
somewhat for several days following the retrograde 
pyelogram. A diagnosis of retroperitoneal tumor was 
made. 

At operation on January 28, 1958, the ureter was 
found to be embedded in a mass of dense fibrous 
inflammatory tissue extending from the lower pole 
and pelvis of the left kidney to the pelvic brim. Pus 
was expressed from the inflammatory tissue by the 
surgeon and was found throughout the mass. Culture. 
obtained failed to reveal an organism on smear, but 
Escherichia coli was obtained from the broth. No 
acid-fast organisms were seen on the smear or culture. 
As the patient was a thin, weakened, seventy-five 
year old man with other diseases, and as the right 
kidney was normal, the entire inflammatory mass and 
the ureter were removed with the left kidney. The 
patient did well postoperatively, remained afebrile 
and recovery was uneventful. He was discharged in 
March 1958, afebrile and asymptomatic. 

The pathological report of the surgical specimen 
revealed acute pyelonephritis in the kidney. The 
ureter was surrounded by chronic inflammatory 
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tissue with extensive fibrous proliferation. Scattered 
throughout the fibrous tissue were chronic in- 
flammatory cells. The final diagnosis was chronic 
periureteritis. 


This patient is the oldest reported with this 
disorder. The predominant feature was a low 
grade fever of unknown origin of several months’ 
duration that later in the course was associated 
with an ill-defined abdominal mass and finally 
with ureteral obstruction. At the time of surgery 
malignancy was the tentative diagnosis. The 
patient at no time had pain, abdominal, lumbar 
or renal, an unusual feature [7-79]. 


REVIEW OF THE LITERATURE 


These are the twenty-fifth to twenty-seventh 
cases in the English literature of a retroperitoneal 
inflammatory mass of unknown etiology en- 
circling the ureter. Four cases reported by Vest 
and one reported by Houston are not included 
in this tabulation since the cases they report 
appear to differ from this condition. A case 
described by Miller, which involved the kidney 
locally, also is not included because of incom- 
plete information. 

Sex, Race and Age. Of the twenty-four cases 
included in this survey, excluding our own, nine- 
teen were males and five were females. Twenty- 
three patients were Caucasian and one was a 
Negro. The average age for the group was 
45.5 years. The male average age was 46.5 years, 
with a range of twenty-four to sixty-nine. The 
average age for the females in the series was 
thirty-two years with a range of twenty-four to 
fifty-six. 

Chief Complaint and Duration of Symptoms. Five 
of the patients in the literature presented with a 
complaint of pain in the back of variable inten- 
sity, which in one instance radiated into both 
legs. Seven of the patients presented with pain in 
the left flank that increased in intensity, often 
radiated in the pattern of ureteral colic and at 
times was associated with abdominal pain. In 
six of the patients the chief complaint was 
abdominal pain of varying degree, usually vague 
at first and then of increasing intensity and of 
no specific location. ‘Two patients presented 
with pain in the right loin and one of these had 
associated hematuria. In one patient the onset 
was with sudden anuria. One patient presented 
with pain in the lower extremities, two patients 
with edema of the lower extremities. 


The duration of symptoms ranged widely, 
from five hours to forty-two months, with an 
average of 8.5 months in the nineteen cases in 
which this information was given. In eight of the 
nineteen cases the duration was four to six 
months; five had symptoms for less than 
one month, and three for more than two 
years. 

Associated Symptoms. ‘The most common symp- 
toms associated with the present illness were 
related to the gastrointestinal system. Nine pa- 
tients had associated vomiting, six complained 
of nausea, and two had anorexia alone. Six 
patients had malaise and fatigue. Weight loss 
of 10 to 40 pounds was a feature in four patients. 
Abdominal pain was an associated symptom in 
four, and abdominal distention in three. Four 
patients complained of constipation. Two pa- 
tients had diarrhea, chest pain and hematuria as 
part of their present illness. Fever was present in 
only three cases. Two of the five female patients 
complained of excessive vaginal bleeding. Fre- 
quency, nocturia, oliguria, backache, edema, 
headache, dysuria, thirst and urinary burning 
were each part of the present illness in a single 
case. 

Past Diseases of Significance and Previous Surgery. 
Two of the patients had duodenal ulcers, one 
each had bacillary dysentery, ulcerative colitis, 
reticulum cell sarcoma, marked abdominal 
trauma, diabetes and carcinoma of the breast, 
either associated with the present illness or 
closely related to it in time. Three of the patients 
had undergone cholecystectomy, one had under- 
gone subtotal gastrectomy, and one each under- 
went appendectomy, hysterectomy and removal 
of a carcinoma of the breast. One woman had 
three previous normal pregnancies. In the course 
of the present illness, one patient had under- 
gone laminectomy for his back pain. Two pa- 
tients had colonic diverticulli. 

Physical Examination. ‘The physical examina- 
tion was rarely revealing. Only three patients 
had significant temperature elevation, two were 
low grade and one marked (106°Fr.). The blood 
pressure was mildly elevated in six patients, 
ranging from 135 to 190 mm. Hg systolic and 
from 95 to 110 mm. Hg diastolic. In only one 
patient was a mass felt and in another a mass 
was suspected. Six patients presented with vary- 
ing degrees of tenderness in the costal vertebral 
angle. Other isolated findings in single patients 
included associated inguinal hernia, fibroid, 
small inguinal and femoral nodes, transient 
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right hemiplegia, and jaundice. Two patients 
had edema of the lower extremities. 

Laboratory and Roentgenograms. The hemoglo- 
bin or hematocrit was reported in twelve cases. 
The hemoglobin was 14 gm. per cent in one pa- 
tient, in eight it ranged from 8 to 11, and in 
three was reported as decreased. 

The urinalysis was mentioned in fifteen cases. 
In one patient, albuminuria was a feature, and 
in seven white blood cells were seen in varying 
number, from a few to many. In five patients, 
red blood cells were found in the sediment, from 
few to many. Two were reported as normal. 

The white blood count ranged from 8,000 to 
11,000 per cu. mm. in the eight reported cases. 
The erythrocyte sedimentation rate was elevated 
when reported. The blood urea or non-protein 
nitrogen was reported in fourteen cases. It was 
increased in twelve and normal in two. In one 
patient the blood urea nitrogen was 240 mg. per 
cent. 

The results of urine cultures were mentioned 
in eight cases. Five were reported as positive, 
Aerobacter aerogenes appearing in three cases, 
E. coli in one, and proteus in one. Three cul- 
tures were negative. 

The results of the intravenous pyelogram were 
mentioned in thirteen cases. In six of these the 
pyelograms were normal two weeks to six months 
prior to diagnosis. Two of the thirteen were 
reported as normal at the time of diagnosis. Five 
reported abnormalities of the left kidney, con- 
sisting of either obstruction, hydronephrosis or 
failure of the dye to be excreted. Five reported 
bilateral abnormalities and one had pathological 
changes in the right kidney. 

Cystoscopy and retrograde examination were 
reported in twenty-two cases. In thirteen cases 
there were abnormal findings in both kidneys; 
six showed pathological changes on the left, 
three on the right. 

Abdominal pain patterns often led to the 
suspicion of a gastroenterologic diagnosis. Com- 
plete gastrointestinal studies were made in 
eight patients and were not revealing. 

Pyelonephritis. In nine cases pyelonephritis 
was diagnosed, either by examination of the 
surgical specimen or by urine culture. In no 
other case of the remaining fifteen was it defi- 
nitely ruled out. Four of the patients had diffi- 
culty with recurrent pyelonephritis following 
surgery. 

Anuria. Anuria was present at some stage in 
the course of the illness in ten patients, but 
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absent in five. It was not mentioned in the other 
nine, and we may presume that it did not occur. 

Type of Involvement. Both ureters were in- 
volved in fourteen cases, although not simul- 
taneously in every instance. The left ureter alone 
was involved in five cases, the right alone in four. 
Of the fourteen instances of bilateral involve- 
ment, not always of the same degree, the involve- 
ment initially was bilateral in eleven patients and 
presented as unilateral involvement in three. 
The left side was involved initially in one, the 
right in two. 

Number of Operations. In these twenty-four 
patients various surgical procedures were under- 
taken, totaling forty in all for the group. Five 
patients underwent three procedures before 
satisfactory results were obtained. 

Methods of Treatment. Various forms of 
therapy were employed. Of the forty surgical 
procedures performed, four were bilateral 
nephrostomy. ‘Twenty-one ureterolyses were 
performed, with removal of some or all of the 
fibrous tissue and freeing of the ureters. Nephrec- 
tomy was performed in four instances as the only 
procedure; in three others, it was performed in 
association with ureterolysis. X-ray therapy was 
undertaken in two patients. Colostomy was per- 
formed in one patient when the colon became 
involved in the process. One female patient 
underwent hysterectomy for a fibroid prior to the 
onset of her ureteral difficulty. Biopsy alone was 
performed in several instances. One patient, 
with previous surgery on one side, improved 
with antibiotics when the opposite side was 
involved. 

Pathology. ‘Three patients with periureteral 
fibrosis have died, in two of whom autopsies 
were performed and no associated difficulty was 
found. At operation in the others the involve- 
ment varied from the localized constriction of 
a ureter by a fibrous band as it crossed the iliac 
vessel, to diffuse involvement extending from 
the kidney into the sacrum and compromising 
the ureters and aorta. Microscopically one sees 
a chronic inflammatory reaction, with pre- 
dominance of lymphocytes and marked fibro- 
plastic proliferation. One biopsy on the third 
attempt revealed an associated reticulum cell 
sarcoma. One of the patients who presented with 
jaundice and was autopsied following death was 
found to have a fibrous band occluding the bile 
duct. 

Follow-up. 
are available (see Talbot 


Very few follow-up observations 
and Mahoney’s 
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paper [77] on this subject). They report that 
Miller’s patient was doing well after six years. 
Two other patients were in good health after 
three years. There were three deaths. Four 
patients had difficulty with persistent pyelo- 
nephritis. The late results in five patients were 
not mentioned. Four patients were well im- 
mediately after treatment, without follow-up. 
Six patients who were followed up for one year 
were doing well. 


COMMENTS 


Periureteral fibrosis is a reputedly rare 
condition of unknown etiology involving the 
retroperitoneal structures, particularly the ureter 
and at times the aorta, and resulting in various 
symptoms. Many regard it as idiopathic, others 
consider it a vasculitis or collagen disease. The 
findings at autopsy in one case of a fibrous 
adhesion obstructing the bile duct suggests the 
possibility of a diffuse disease. The finding of 
reticulum cell sarcoma in association with it 
on one occasion suggests possible multiple 
etiologies [/9]. The frequency of the association 
of pyelonephritis with periureteral fibrosis is 
striking and needs further exploration. It is not 
altogether clear whether the pyelonephritis is 
always the result of obstruction by the retro- 
peritoneal inflammatory tissue. 

A review of anatomical considerations might 
be helpful in determining the etiology. In 1943 
Daesler and Anson [22] demonstrated by dis- 
section in cadavers that the abdominal aorta, 
vena cava and ureters lie in the same fascial 
compartment. The para-aortic nodes, which 
receive drainage from many areas, lie in this 
space in abundant number, surrounding the 
aorta. These nodes receive drainage from the 
testes, epidydymis, vas deferens, ovary, ureter 
and kidney, as well as from the gastrointestinal 
tract through the mesenteric system. Infection 
present almost anywhere in the abdomen could 
conceivably spread here. Thus it is possible that 
stimuli from infection or tumor or other cause 
from the genitourinary tract or gastrointestinal 
tract, or locally, would initiate a reaction in this 
area that may be excessive. 

We do not believe that this condition is as rare 
as supposed, nor idiopathic, but that it may 
represent an exaggerated local response in the 
area to many different stimuli. An interesting 
associated phenomenon was the involvement of 
the colon subsequently in one patient requiring 
colostomy. Ewing once described hyperplasia of 


the scar reaction as a sort of benign tumor which 
might be termed “fibrocytoma.” The analogy 
can also be made to keloid formation which is an 
exaggerated local reaction to a variety of stimuli. 

The unusual sequence of events in Case 1 may 
provide one clue as to the pathogenesis of peri- 
ureteral fibrosis. Here previous surgery demon- 
strated unusual local fibrocytic proliferation in 
response to a malignancy. The proliferation 
became more extensive after removal of the 
initial stimulus. The process, at least in this 
instance, exhibited one of the qualities of true 
neoplasm. Direct association in the other cases 
with ureteritis and chronic pyelonephritis, how- 
ever, suggests that the stimulus may be varied 
and that chronic smouldering infection may 
initiate the fibrocytic proliferation. 

Clinically, the condition appears to pre- 
dominate in middle aged white men, who usually 
present with a history of vague back pain or 
abdominal pain of several months’ duration that 
is usually progressive. Examination at this time 
is usually unrevealing. Symptoms are progressive 
and the patients have severe colicky, usually left 
flank, pain that may radiate. This is associated 
with nausea, vomiting, weight loss and malaise. 
In 40 per cent of the cases the patient subse- 
quently becomes anuric. Physical examination 
still is unrevealing. Anemia is a constant feature, 
along with varying elevations of the blood urea 
nitrogen. Retrograde pyelography, following 
abnormal intravenous pyelograms, reveals bi- 
lateral involvement in 50 per cent of the cases. 
Hydronephrosis or ureteral obstruction is found. 
In twenty-five per cent of those with unilateral 
involvement, involvement of the other side 
subsequently develops. The patient then under- 
goes surgery, initially nephrectomy or nephros- 
tomy with ureterolysis on one side, and subse- 
quently an operation on the other side with 
freeing of the ureter. Appropriate antibiotic 
therapy is necessary. The patient’s postoperative 
course is varied. He usually is symptom-free and 
without abnormal findings, but may have per- 
sistent pyelonephritis. Only 12 per cent have 
died. 

The prognosis is good with the proper therapy. 
As more cases appear, treatment seems to have 
become more conservative, although surgery is 
necessary for relief of obstruction. It appears that 
freeing of the ureter bilaterally might be all that 
is necessary for satisfactory results. When direct 
ureteral involvement is present, as in our Case I, 
the newer plastic procedures have much to offer. 
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Many ureteral gaps have been bridged; ureteral 
segments and even a whole new renal pelvis 
completely regenerated in cases observed in our 
Renal and Urologic Divisions. The fact that in 
25 per cent of the patients with unilateral 
involvement symptoms on the other side devel- 
oped makes one tend to the more conservative 
treatment initially, unless obstruction is playing 
a role in perpetuation of infection. 

Our Case 1 is of particular interest because of 
recent studies [20] suggesting physiologic dam- 
age to the nephron cells as a result of urinary 
obstruction. The diabetes insipidus-like syn- 
drome and impaired response to therapy with 
Pitressin are indicative of a nephrogenic con- 
centration defect. The reversible hypertension 
presumably was of renal origin. The excessive 
sodium and potassium excretion postoperatively 
cannot be ascribed with certainty to the ureteral 
obstruction since there was an intervening period 
of oliguria. 


SUMMARY 


Three cases of periureteral fibrosis are re- 
ported. The impaired concentrating capacity, 
poor response to Pitressin and renal hyperten- 
sion noted in one case suggest damage to the 
nephron with progressive obstruction of the 
urinary tract similar to that reported after 
release of obstruction. 

Twenty-four other cases in the English litera- 
ture are reviewed, with correlation of the clinical 
and pathologic features. 

Periureteral fibrosis is conceived to be an 
exaggerated fibrocytic response to varied stimuli. 
In Case 1 an adenocarcinoma was probably 
responsible; in other cases the proliferation 
seemed to be a response to chronic ureteritis 
and smouldering pyelonephritis. 
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HRONIC idiopathic jaundice, as described by 
Dubin and Johnson [7] and Sprinz and 
Nelson [2], has been reported in family mem- 
bers of fifteen of the forty-one cases in which a 
family history was obtained. In only two in- 
stances [74,25] was the presence of the disease 
confirmed in two family members by liver 
biopsy. In the present study the diagnosis of 
chronic idiopathic jaundice was established by 
liver biopsy in several members of two families. 
This provided the opportunity to study different 
degrees of the disease process and to recognize 
the existence of mild variants of the disorder 
which otherwise would not be established. 
Chronic idiopathic jaundice is characterized 
by icterus and the presence of an abundance of 
an unidentified pigment in the hepatic paren- 
chymal cells. The clinical, laboratory and 
pathologic differences between this disorder and 
Gilbert’s disease have been repeatedly empha- 
sized [7-4]. Gilbert’s disease is characterized by 
the insidious onset of chronic or intermittent 
jaundice frequently aggravated by intercurrent 
disease, early age of onset, high familial inci- 
dence, fatigue, dyspeptic symptoms, occasional 
liver enlargement, hyperbilirubinemia due to an 
increase in free bilirubin giving the indirect van 
den Bergh reaction, and normal appearance 
of the liver on both gross and microscopic 
examination [3-77]. The disease described by 
Dubin and Sprinz and subsequent investigators 
also is characterized by insidious onset at an 
early age and chronic or intermittent jaundice 
but is distinguished from Gilbert’s disease by 
the following features: hyperbilirubinemia due to 
the presence of bilirubin glucuronide giving the 
direct van den Bergh reaction; high incidence 
of bilirubinuria; frequent abnormal values of the 


bromsulphalein, thymol turbidity and cephalin 
flocculation tests; frequent failure to visualize 
the gallbladder by oral cholecystography; and 
an abnormal dark appearance of the liver due to 
accumulation of an unidentified pigment in the 
hepatic parenchymal cells [7,2,72-20]. 


CASE REPORTS 
Family I 


Case1. D.R. was well until the age of twenty-six 
when, in June 1957, he noted the appearance of 
fever, abdominal distress in the right upper quadrant, 
dark urine, light colored stools, generalized pruritus 
and jaundice. He was admitted to another hospital 
where the clinical diagnosis of infectious hepatitis was 
made. His symptoms diminished in severity and 
jaundice disappeared almost completely during 
the subsequent five months in the hospital on a 
regimen of bed rest, vitamins and a high calorie, 
low fat diet. He was still icteric at the time of dis- 
charge, and two weeks later pain in the right upper 
quadrant, fever, dark urine, light colored stools and 
pruritus recurred. His jaundice deepened, and in 
December 1957, he was admitted to The Mount Sinai 
Hospital. 

Physical examination showed a well nourished, well 
developed Puerto Rican man with moderate scleral 
icterus, an erythematous “‘butterfly”’ eruption over the 
face, and slight tenderness to percussion over the liver 
area anteriorly. The following examinations were per- 
formed, with normal results: urinalysis, complete 
blood count, erythrocyte sedimentation rate, reticulo- 
cyte count, blood urea nitrogen, fasting blood sugar, 
serum amylase, serum proteins, serum and hemo- 
globin electrophoresis, blood coagulation profile, 
chest roentgenogram, barium examination of the 
upper gastrointestinal! tract, secretin test of pancreatic 
function, serum alkaline phosphatase, cholesterol, 
glutamic oxaloacetic acid transaminase, thymol 
turbidity test, and urine urobilinogen. Bile was present 
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in the urine, the serum bilirubin was 5.0 mg. per 
cent, of which 2.0 mg. per cent was bilirubin glu- 
curonide, the cephalin flocculation test was 3 plus, 
and the gallbladder visualized well on oral cholecysto- 
gram. A blood Wassermann test, three L.E. prepara- 
tions, a direct Coombs’ test, and a rectal biopsy for 
Schistosoma ova were all negative. Biopsy of the face 
lesion revealed chronic discoid lupus. The patient was 
given a high calorie, low fat diet and kept at bed rest. 
His symptoms gradually disappeared, the stools 
returned to their normal color, and the urine became 
lighter in color although bilirubinemia and icterus 
persisted unchanged. The cephalin flocculation test 
became negative three weeks after his admission to the 
hospital. 

Although the diagnosis at the time of admission 
seemed to be that of chronic hepatitis, the persistence 
of hyperbilirubinemia and bilirubinuria while the 
other liver function tests were in the normal range and 
the patient was gaining weight and becoming 
asymptomatic prompted further study. After two 
percutaneous aspiration biopsies of the liver, the 
patient was informed of the benign nature of his 
disease, and was discharged from The Mount Sinai 
Hospital while still icteric in February 1958. During 
this same period, other members of his family were 
admitted to The Mount Sinai Hospital for study. 


Case u. V.R., a thirty-five year old brother of 
patient D. R., had suffered from slight fatty food 
intolerance for three years, and during the year 
prior to admission had become aware of slight scleral 
icterus. There was no history of passage of dark urine 
or light colored stools. His general health was good 
and he did not seek hospitalization until his brother 
was found to have chronic idiopathic jaundice. At the 
time of admission to The Mount Sinai Hospital in 
February 1958, he was found to be a well developed, 
well nourished white man with moderate scleral 
icterus, no abdominal tenderness and no hepato- 
megaly. The following examinations were all normal: 
chest roentgenogram, complete blood count, urinaly- 
sis, erythrocyte sedimentation rate, blood urea nitro- 
gen, fasting blood sugar, serum amylase, secretin test 
of pancreatic function, Quick prothrombin time, 
thymol turbidity test, cephalin flocculation test, serum 
proteins, alkaline phosphatase, blood coagulation 
profile, serum glutamic oxaloacetic acid transami- 
nase, urine urobilinogen and a bromsulphalein test 
of hepatic function. A blood Wassermann test, L.E. 
preparations, stool examination for ova and parasites, 
and rectal biopsy for Schistosoma ova were all nega- 
tive. Bilirubinuria was present; the serum bilirubin 
was 3.0 mg. per cent, of which 1.7 mg. per cent was 
bilirubin glucuronide. The gallbladder visualized 
only faintly on oral cholecystogram. 


Case m. C.R., the eighteen year old sister of 
patient D. R., was admitted to The Mount Sinai 
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Hospital in February 1958. She had been completely 
well and was unaware of any jaundice. On physical 
examination she was a well developed, well nourished 
white girl with slight scleral icterus, no hepatomegaly 
and no abdominal tenderness. Chest roentgenogram, 
complete blood count, urinalysis, erythrocyte sedi- 
mentation rate, blood urea nitrogen, fasting blood 
sugar, serum amylase, secretin test of pancreatic 
function, serum proteins, serum glutamic oxaloacetic 
acid transaminase, alkaline phosphatase, cholesterol, 
Quick prothrombin time, thymol turbidity test, 
and cephalin flocculation test were all normal. A 
bromsulphalein test of hepatic function revealed 
26.5 per cent dye retention after forty-five minutes. 
The gallbladder visualized well on oral cholecysto- 
gram. The serum bilirubin was 3.6 mg. per cent, of 
which 1.7 mg. per cent was bilirubin glucuronide. 


CasErv. C.R., a twenty-three year old brother of 
patient D. R., had been aware of scleral icterus since 
childhood. In other respects his health had been good. 
He was a “‘weekend drinker” and had noted deepen- 
ing of scleral icterus and darkening of his urine after 
each period of alcoholic excess. His stools never had 
been light colored, nor had he experienced intolerance 
for fatty foods, or abdominal pain. Physical examina- 
tion at the time of admission to The Mount Sinai 
Hospital in February 1958 revealed a well developed, 
well nourished white man with slight scleral icterus. 
Normal results were obtained in the following studies: 
urinalysis, complete blood count, erythrocyte sedi- 
mentation rate, chest roentgenogram, blood urea 
nitrogen, fasting blood sugar, serum amylase, secretin 
test of pancreatic function, blood fibrinogen, Quick 
prothrombin time, Owren prothrombin time, stabile 
factor, labile factor, serum prothrombin activity, 
serum proteins, cholesterol, alkaline phosphatase, 
serum glutamic oxaloacetic acid transaminase, thymol 
turbidity test, cephalin flocculation test, urine uro- 
bilinogen, and bromsulphalein retention. Bilirubi- 
nuria was present, the gallbladder failed to visualize 
on oral cholecystogram, and the serum bilirubin was 
3.1 mg. per cent, of which 1.5 mg. per cent was 
bilirubin glucuronide. 


Case v. E.R.., a fifty-seven year old Puerto Rican 
woman, was the mother of the patients just described. 
Except for abdominal pain resulting in surgery for 
‘gall stones’ twenty-five years before, she had en- 
joyed good health. At no time had she noted icterus, 
dark urine or light colored stools. At the time of 
admission to The Mount Sinai Hospital in February 
1958, she was a well developed, well nourished white 
woman with slight scleral icterus and a well healed 
abdominal scar in the right lower quadrant. The 
liver was not palpable. Complete blood count, chest 
roentgenogram, electrocardiogram, urinalysis, eryth- 
rocyte sedimentation rate, blood urea nitrogen, fasting 
blood sugar, serum amylase, secretin test of pancreatic 
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TABLE I 


CORRELATION 


OF CLINICAL AND PATHOLOGIC DATA IN FAMILY MEMBERS WITH 


CHRONIC IDIOPATHIC 


JAUNDICE 


Preceding 
Liver 
Disease 


| 
| 
| 
| 


| 
Duration of | 


Jaundice Bilirubin 


Serum Total 


(mg. per cent) | Retention 


| Per cent 
| Bromsul- | 
| phalein 


| 
Degree of | Kupffer 
Liver Cell Cell 
Pigment Pigment 


Oral 
Cholecystogram 


| (45 min.) 


? infectious 
hepatitis in 
June 1957 

None 


| 6 months 
| 


| 1 year 
None Unknown 
| None | Since child- 
hood 
Vv | None Unknown 
Case of 
Dr. Ehrlich | 


| Normal 
| 
| 


| Faint visualization 
| Normal 
No visualization 


| Absent gallbladder | 


| Since child- 
hood 

| Unknown 

None 


None 


| None 
| None 


Faint visualization 


| 


| Faint visualization 


| Normal 


function, serum proteins, serum glutamic oxaloacetic 
acid transaminase, cholesterol, alkaline phosphatase, 
thymol turbidity test, cephalin flocculation test, urine 
urobilinogen and Quick prothrombin time were all 
normal. Bilirubinuria was absent, a bromsulphalein 
test of hepatic function disclosed 25 per cent dye 
retention after forty-five minutes, and the serum 
bilirubin was 5.2 mg. per cent, of which 1.5 mg. per 
cent was bilirubin glucuronide. The gallbladder did 
not visualize on a double-dose oral cholecystogram. 


Family IT 


Case vi. C. T., a twenty-nine year old Puerto 
Rican housewife, had been in good health until May 
1957 at which time episodes of postprandial epigastric 
distress appeared. During the next year these episodes 
recurred frequently, there was a gradual 12-pound 
weight loss, and in May 1958 she was referred to The 
Mount Sinai Hospital for evaluation. At no time 
had she noted dark urine or light colored stools, but 
since childhood her eyes had appeared ‘‘yellowish.’’ 
There was no family history of jaundice or disease of 
the gallbladder. 

On physical examination she was a thin, well 
developed white woman in no distress. The abdomen 


was soft and non-tender, the sclerae were not icteric. 
Chest roentgenogram, complete blood count, urinaly- 
sis, erythrocyte sedimentation rate, barium examina- 
tion of the upper gastrointestinal tract, blood urea 
nitrogen, fasting blood sugar, Quick prothrombin 
time, bromsulphalein retention, serum proteins, 
cholesterol, glutamic oxaloacetic acid transaminase, 
thymol turbidity, cephalin flocculation test, alkaline 
phosphatase, cholesterol, serum amylase and urobilin- 
ogen were all normal. Stool examination for ova and 
parasites was negative. Bilirubinuria was absent, the 
gallbladder visualized faintly on the third day of an 
oral cholecystogram, and the serum bilirubin was 
found to be 2.7 mg. per cent, of which 1.7 mg. per cent 
was bilirubin glucuronide. As a result of our experi- 
ence with the first family described in this report, the 
clinical diagnosis of chronic idiopathic jaundice was 
made. The patient became free of symptoms soon 
after admission and was discharged from the hospital 
to the care of her private physician in May 1958. 


Case vu. M. F., a married twenty-four year old 
sister of patient C. T., had always been well and 
denied ever having had jaundice, dark urine, light 
colored stools or abdominal distress. She was admitted 
to The Mount Sinai Hospital in May 1958. On 
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FamilyD 
| Urine | 
Bile | 
| plus | 
3.0 1 plus | 3.5 + 
| 3.6 | 1 plus | 26.5 + + 
| 3.1 | 1 plus 2.0 +44 wih 
| 5.2 |0 25.0 ++ + 
|| | | 
Family IT 
v1 | 2.7 | 8.0 ++ 
| 
vi (1.6 | 40 ++ 
Vill | 0.3 |0 1.0 + 
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Fic. 1. Photomicrographs of liver biopsy specimens of Family I. Hematoxylin and eosin stain. Original magni- 
fication X 120. A (Case 1), designated as 1-plus pigment (arrow). B (Case m), designated as 1-plus pigment 
(arrow). C (Case m1), designated as 2-plus pigment. D (Case Iv), designated as 3-plus pigment. E (Case v), 
designated as 2-plus pigment. F (patient from other hospital (Dr. J. Ehrlich)), designated as 3-plus pigment. 


physical examination she appeared well developed 
and well nourished, the liver was not palpable, and 
icterus was not present. Chest roentgenogram, 
complete blood count, urinalysis, erythrocyte sedi- 
mentation rate, blood urea nitrogen, fasting blood 
sugar, bromsulphalein retention, serum proteins, 
Quick prothrombin time, glutamic oxaloacetic acid 
transaminase, cholesterol, alkaline phosphatase, thy- 
mol turbidity test, cephalin flocculation test, urine 
urobilinogen and serum amylase were all normal. 
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Bilirubinuria was absent, the gallbladder visualized 
faintly on a double-dose oral cholecystogram, and the 
serum bilirubin was 1.6 mg. per cent, of which 1.1 
mg. per cent was bilirubin glucuronide. 


Case vi. S. V., the thirty-five year old brother of 
patients C. T. and M. F., was admitted to The Mount 
Sinai Hospital in May 1958. He denied jaundice, fatty 
food intolerance, dark urine, light colored stools; in 
fact, he had always been in good health. Physical 
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Fic. 2. Photomicrographs of liver biopsy specimens of 
Family II. Hematoxylin and eosin stain. Original 
magnification X 120. A (Case v1), designated as 2-plus 
pigment. B (Case vu), designated as 2 plus pigment. 
C (Case vit), designated as + pigment (arrow). 


examination disclosed a well nourished, well devel- 
oped white man with no icterus, hepatomegaly 
or abdominal tenderness. Chest roentgenogram, com- 
plete blood count, urinalysis, erythrocyte sedimenta- 
tion rate, blood urea nitrogen, fasting blood sugar, 
Quick prothrombin time, bleeding time, clotting time, 
bromsulphalein retention, serum bilirubin, urine 
urobilinogen, alkaline phosphatase, cholesterol, serum 
glutamic oxaloacetic acid transaminase, thymol 
turbidity test, cephalin flocculation test, and serum 
amylase were all normal. 


Needle biopsy of the liver was performed in all 
instances and repeated in Case 1. Quite frequently 
the core appeared dark grey. On histologic examina- 
tion, various amounts of a brown-yellow pigment were 
found in the liver cells in amounts arbitrarily graded 
from + to 3 plus. (Table 1.) One-plus designates 
accumulation of distinct granules of approximately 1 
micron size along the bile capillaries of the liver cells 
in the centrolobular zone. Some of the granules were 
larger and measured up to 3 microns in size and 
exhibited sharp but not quite regular outlines. Larger 
granules were seen rarely. They aggregated in single 
cells and then extended for some distance into the 
cytoplasm. Grade 2 indicates aggregation of larger 
granules found in almost all cells of the centrolobular 
zone which extend sometimes throughout almost all 
of the cytoplasm but with a preference for the peribili- 
ary zone, as was apparent on cross section of the bile 
capillary. In grade 3 the pigment deposition involved 
the entire lobule and extended throughout the greater 
part of the cytoplasm of all cells of the centrolobular 
zone, and the number of large granules was con- 
siderably greater. Plus-minus designates the centro- 
lobular peribiliary accumulation of small pigment 
granules which could not with certainty be separated 
from similar pigment accumulations in normal livers. 
(Fig. 1.) The pigment described was in all instances 
bleached by hydrogen peroxide and was not acid-fast. 
It failed to give a sudan black reaction in paraffin sec- 
tion but was impregnated with silver and gave a dark 
brown fluorescence. The iron reaction was negative. 
In Case tv, traces of iron were found in the liver cells of 
the periportal zone, apparently not related to the 
brown pigment. Two members, each of Family I, ex- 
hibited 1-plus and 2-plus grades of the brown pigment. 
One member in this series exhibited a 3-plus change, 
and the same degree of abnormality was found in 
another member of the family who was examined in 
another institution. The pathologist, Dr. Joseph C. 
Ehrlich, kindly provided us with the slide and the 
report of this case. In Family II, two members had 
2-plus pigment and one had +. (Fig. 2.) 

In the series examined, the brown pigment granules 
did not give the periodic acid-Schiff (PAS) reaction 
after diastase treatment, but especially in the degrees 
designated 1 plus, PAS-positive granules of similar 
size were intermixed with the brown granules. In 
liver specimens containing more pigment deposition, 
PAS-positive material was found between the 
granules. The PAS-positive material in the liver cells 
gave a distinct but low white fluorescence. The 
Kupffer cells contained a considerable amount of a 
brown pigment in Case 1 and small amounts in Case 
1v. The brown pigment in Case 1 gave a distinct PAS 
reaction, disclosing large granules about 4 microns in 
diameter which were especially apparent in small 
accumulations of intraparenchymal and _ portal 
macrophages. In other instances the Kupffer cells 
contained much smaller amounts of PAS-positive 


AMERICAN JOURNAL OF MEDICINE 


SSS 


material which gave a bright white fluorescence, 
particularly in Case 1. Only these large granules in 
Case 1 stained deep blue with aniline blue, were acid- 
fast and reacted markedly with astra blau, as is char- 
acteristic for acid mucopolysaccharide. In this 
instance, particularly, and less so in others, the 
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Fic. 3. Photomicrographs of liver biopsy specimens. Original magnification 400. 
Large PAS-positive granules are seen in the Kupffer cells and a moderate amount can be made out intermixed 
with pigment granules around bile capillaries of liver cells. B (Case 1), hematoxylin and eosin stain. A moderate 
number of granules are visible throughout the cytoplasm of liver cells and along bile capillaries. C (Case m1), 
hematoxylin and eosin stain. A large number of granules, varying in size, can be seen around bile canaliculi and 
irregularly distributed throughout cytoplasm. D (Case m1), PAS stain. A large number of PAS-positive granules 
intermixed with pigment granules are visible around narrow bile capillaries and Kupffer cells. E (Case rv), 
hematoxylin and eosin stain. A large number of granules of various size are seen around the bile canaliculi and 
also diffusely spread through cytoplasm. F (Case vim), hematoxylin and eosin stain. Small amounts of chiefly 
small granules can be made out around the bile canaliculi in the centrolobular zone of liver cells. 


A (Case 1), PAS stain. 


PAS-positive liver cell granules gave a distinct astra 
blau reaction, as did the PAS-positive material in the 
Kupffer cells of almost all cases. 

Bile pigment was never demonstrated and the bile 
capillaries appeared narrow. Portal inflammatory 
reaction with proliferation of ductular cells was found 
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TABLE II 
LABORATORY DATA IN FAMILY MEMBERS WITH CHRONIC IDIOPATHIC JAUNDICE 


Alkaline 
Phosphatase 
(King-Arm- 

strong Units) 


Bilirubin 
Case No., | (mg. per cent) 
Patient and 

| 


| 
Serum P 
Serum Proteins | 
| 
| 


(gm. per cent) 


Sex 
Total | Direct | Albumin | Globulin 


Cholesterol 
(mg. per cent) | (mg. per cent) 


Blood Data 


| ‘ 
Transaminase 
(units/cc.) 


(20-40) 


Thymel 
| Turbidity 
(units/cc.) 


Cholesterol 
Esters 


Total Cephalin 


Flocculation 


Family I 


mown 


a 


wwoo>d 
EER 
NON WW WN Ww 
ROW 


| 


| 


ON 


Family II 


175 
147 
204 
189 


TABLE Il 
SECRETIN RESPONSE DATA IN FIVE FAMILY MEMBERS 
WITH CHRONIC IDIOPATHIC JAUNDICE 


Bicar- 
bonate, 
Maximum 
Concen- 
tration 


Total 
Amylase 
(units/kg.) 


Total 
Volume 
(ml. /kg.) 


Case No. 


Normal 
Normal 
Normal 
Normal 
Absent 
gall- 
bladder 


Normal.... 


conspicuously in Cases 1, rv and vin. Portal fibrosis was 
conspicuous in Cases 1, 1 and v. Intraparenchymal 
focal necroses were noted in Cases v and vin. Fatty 
metamorphosis was found in the central zone in Case 
u. Ballooning of the nuclei because of glycogen 
deposition was encountered in Cases u, v and v1, 
mobilization of the Kupffer cells in Cases 1, vir and 
vil, and aggregation of eosinophils in the portal space 
in Case 1. (Fig. 3.) 

The only abnormal laboratory findings were eleva- 
tion of free and glucuronated serum bilirubin, the 
occasional occurrence of bile in the urine of Family I 


TABLE IV 
HEPATIC UPTAKE OF RADIOIODINATED ROSE BENGAL IN 
FIVE FAMILY MEMBERS WITH CHRONIC 
IDIOPATHIC JAUNDICE 


Excretion 


Half Time 


Maximum Time of Hepatic 


Case No. Uptake 


and the increased bromsulphalein retention in some 
instances. (Table u.) Oral cholecystography gave 
positive results in all cases in which the gallbladder 
was present, except in Case tv with the highest 
hepatocellular pigment content. In many of the others, 
even with slightly elevated serum bilirubin, visualiza- 
tion was faint. 

Secretin tests [27] were performed in five members 
of Family I. The secretin response data are repro- 
duced in Table m and are normal. The biliary pig- 
ment response in the secretin test (Table m1) was also 
normal in all tested patients except E. R., who had 
previously undergone cholecystectomy [22]. In these 
patients the blood glucose response to intravenous glu- 
cagon (2.0 mg.) administration also was normal [23]. 

The hepatic uptake of radioiodinated rose bengal 
was measured in five members of Family I. (Table tv.) 
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| 
| 
1, D 190 140 0 36 
un, V 180 150 0 17 
m, C, 148 128 1+ 21 
tv, C, | 150 135 1+ 20 
v, E. 195 152 1+ 21 
aan 160 145 0 23 
ee | 210 150 0 21 
ven” 130 105 1+ 14 
re 215 200 0 6 
155 140 0 14 
| | 
‘ 
“,C.T.,F | 2.7 | 1.7 33 6.0 120 2+ 25 ad 
vn, M.F.,F | 1.6 1.1 41 | 3.5 6.5 91 4 2+ 23 
vm, S.V.,M| 0.3 | 0.1 46 3.6 | 73 | 148 0 45 
0.1 4.1 3.1 114 3.1 1+ 67 
| 
| 
| | 
| | 
| 
Flow (min. |  (min.) 
| (mEq. /L.) | | | | 
— | I | 50 | 330 
| II 60 300 
I | 3.6 | 94 28.8 tI | 30 420 
" 3.6 96 Ten IV 40 200 
| 
III 4.7 | 113 16.9 4 26 45 
IV | 5.0 110 12.5 | 
Vv 2.8 97 24.6 
2.0-5.5 90-140 | 6.0-18.0 
| 
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The value of the test in the recognition of minor 
degrees of liver injury is undetermined but the results 
appear to parallel the results of other hepatic function 
studies now in common use [24]. Although our 
experience is limited, it appears that a normal person 
probably will achieve a maximum hepatic uptake 
value in less than thirty-six minutes, and that this 
value will be reduced to half within two hours after 
it was obtained (excretion half time). As Table m 
indicates, the three male siblings had a slow maximum 
hepatic uptake and a delayed excretion half time. The 
excretion half time was delayed in the female patient 
C. R., and the test was normal in the mother E. R. 
The thymol turbidity and cephalin flocculation 
tests were normal in all members of both families. 
The Rumpel-Leede test, bleeding time (Ivy), 
coagulation time (Lee and White), retraction time of 
the blood clot (Lee and White), plasma fibrinogen 
(Ratnoff), plasma-prothrombin level (Owren), factors 
1 and vu (Owren) were normal in all patients tested. 


COMMENTS 


Family I reported in this communication is 
comprised of both parents and ten siblings. Data 
are presented on all of the members of Family I, 
except two daughters. One daughter resides in 
Puerto Rico and was unavailable for investiga- 
tion. The other daughter, who is jaundiced, was 
studied in another hospital where a liver biopsy 
was diagnostic of ‘““Dubin-Johnson syndrome.” 
All of the family members were natives of Puerto 
Rico. There was no history of jaundice or symp- 
toms referable to the disease in the relatives. Of 
the eight family members with the disease, 
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jaundice developed in two in early childhood 
and jaundice developed in one each at the ages 
of twenty-five and thirty-three years, respec- 
tively. (Fig. 4.) The remaining five family mem- 
bers were unaware of the presence of jaundice. 
All of the members studied were asymptomatic 
except two. One had abdominal pain, nausea, 
vomiting and weakness; the other had ab- 
dominal distress after eating fatty foods. 

Family II consists of both parents and their 
six children. Four of these siblings were in- 
vestigated; the remainder of the family were 
unavailable for study. All the members of this 
family were born in Puerto Rico. Of the three 
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known family members with the disease, only 
one reported jaundice since childhood. This pa- 
tient had had mild abdominal distress for one 
year. All of the remaining family members 
investigated were asymptomatic and there was 
no family history of jaundice or symptoms 
referable to the disease. (Fig. 5.) 

In contrast to reports in the literature [7,2, 
12-20|, the flocculation tests were uniformly 
normal in these cases, and oral cholecystography 
was not always unsuccessful. Pancreatic and 
radioiodinated rose bengal studies, recorded 
here, have not been previously reported. 

The major interest of the presented series lies 
in the gradation of the pigment deposition. One 
case (Case tv) of this series, and the one sibling 
examined by Dr. Ehrlich, would have been 
diagnosed without any hesitation as chronic 
idiopathic jaundice on the basis of the findings at 
liver biopsy. Cases 11 and v of Family I, and v1 
and vu of Family II clinically represent a mild 
variety of chronic idiopathic jaundice, whereas 
Cases 1 and 1 could at most be suspected to 
belong to this group, in view of their being 
siblings of persons with fully established chronic 
idiopathic jaundice. Such patients, in whom 
slight pigmentation of the liver cells can be 
demonstrated in the presence of jaundice, and 
who have normal or faint visualization of the 
gallbladder and no abnormal bromsulphalein 
retention should be considered to be borderline 
examples of chronic idiopathic jaundice. The 
findings of this study thus extend the concept of 
chronic idiopathic jaundice. 

The deposition of brown pigment as well as the 
presence of PAS-positive material in the Kupffer 
cells in Case 1 was possibly related to a preceding 
infectious hepatitis, suggested by the clinical 
history, and apparently was not related to the 
chronic idiopathic jaundice. The possibility that 
deposition of the pigment characteristic of 
chronic idiopathic jaundice (which histochemi- 
cally differed from the Kupffer cell pigment) 
was reduced by the preceding hepatitis also has 
to be entertained. 

The appearance and quantity of pigment 
deposit in Case vim of Family II was not 
significantly different from that found in the 
centrolobular zone in normal livers [20]. Since 
the subject was a member of a family with 
chronic idiopathic jaundice, the deposition and 
character of the pigment (identical with that of 
normal subjects except for the occasional pres- 
ence of larger pigment granules, such as are seen 


in large numbers in chronic idiopathic jaundice) 
suggests the possibility that chronic idiopathic 
jaundice may be associated with increased 
deposition of the pigment normally found in the 
centrolobular zone, as described by Post [26]. 

The morphologic picture of narrow bile 
canaliculi surrounded by granules of the pig- 
ment of chronic idiopathic jaundice suggests a 
difficulty in transfer of a normally occurring 
pigment into the bile canaliculi; a piling up of 
pigment rather than abnormal pigment forma- 
tion in this disorder. One might speculate that 
the group of diseases characterized by jaundice 
in the absence of liver cell injury, extrahepatic 
obstruction or hemolysis, which also includes 
Gilbert’s disease, intrahepatic cholestasis and 
represents instances of impaired handling or 
transport of bilirubin rather than abnormal 
metabolic pathways. 


SUMMARY 


Two Puerto Rican families are described, 
eight members of which were found to have 
varyirg amounts of hepatic cellular pigment on 
liver biopsy. Ten members were found to have 
hyperbilirubinemia. 

The microscopic appearance of the liver in 
one instance, and in another family member 
examined in another hospital, presented the fully 
developed picture of chronic idiopathic jaundice. 
In four instances a mild degree of pigment 
deposition was found and in two a borderline 
increase of the same pigment was noted. In one 
anicteric member the amount and distribution 
of pigment varied only slightly from the normal. 
It would therefore appear that some members of 
families with chronic idiopathic jaundice may 
have only a borderline increase in pigment. 

The conspicuous hepatic pigment demon- 
strated in chronic idiopathic jaundice results 
from accumulation of a pigment present in small 
amount in the centrolobular zone of normal 
livers. 

Bromsulphalein retention and oral chole- 
cystography are not necessarily abnormal where 
accumulation of the pigment characteristic of 
chronic idiopathic jaundice is not greatly in ex- 
cess, even in the presence of jaundice. Hepatic and 
pancreatic function tests may be entirely normal. 


REFERENCES 


1. Dus, I. N. and Jonnson, F. B. Chronic idiopathic 
jaundice with unidentified pigment in liver cells; a 
new clinicopathologic entity with a report of 12 
cases. Medicine, 33: 155, 1954. 


AMERICAN JOURNAL OF MEDICINE 


; 


Chronic Idiopathic Jaundice— Wolf et al. 41 


. Sprinz, H. and Netson, R. S. Persistent non- 
hemolytic hyperbilirubinemia associated with 
lipochrome-like pigment in liver cells; report of 
four cases. Ann. Int. Med., 41: 952, 1954. 

. GILBERT, A. and LEREBOULLET, P. La cholémie sim- 
ple familiale. Semana méd., 21: 241, 1901. 

. GILBERT, A., LEREBOULLET, P. and HERscHER, M. 
Les trois cholémies congénitales. Bull. et mém. Soc. 
méd. d. hép. de Paris, 24: 1203, 1907. 

. ALWALL, N. On hereditary non-hemolytic_bili- 
rubinemia. Acta med. Scandinav., 123: 560, 1946. 

. Comrort, M. W. Constitutional hepatic dysfunction. 
M. Clin. North America, 29: 982, 1945. 

. Curry, J. J., GreENwatt, T. and Tart, R. J. 
Familial non-hemolytic jaundice. New England J. 
Med., 226: 909, 1942. 

. Hutt, H. Cholémie simple familiale (Gilbert) 
and posthepatic states without fibrosis of the liver. 
Acta med. Scandinav. (supp. 244), 138: 1, 1950. 

. MEuULENGRACHT, E. A review of chronic intermit- 
tent juvenile jaundice. Quart. J. Med., 16: 83, 1947. 
. RozENDAAL, H. M., Comrort, M. W. and SNELL, 
A. M. Slight and latent jaundice. J. A. M. A., 
104: 374, 1935. 

. Tecon, R. M. Les hyperbilirubinémies héréditaires: 
La cholémie familiale et Tictére hemolytique. 
Arch. d. mal. de app. digestif., 28: 567, 1938. 


12. Editorial. A new liver disease. Lancet, 2: 1111, 1954. 
13. Nerson, R. S. Persistent non-hemolytic hyper- 


bilirubinemia with unidentified pigment in liver 
cells; report of case followed in pregnancy. 
Gastroenterology, 30: 301, 1956. 

. Joun, G. G. and Knuptson, K. P. Chronic idiopathic 
jaundice; two cases occurring in siblings, with 
histochemical studies. Am. J. Med., 21: 138, 1956. 
. Krayman, A. and Erratt, P. Prolonged jaundice with 
unidentified pigment in liver cells. Lancet, 1: 538, 
1935. 


JANUARY, 1960 


16. Brown, N. L. and Sunitrxa, T. K. Constitutional 


non-hemolytic jaundice with “‘lipochrome”’ hepa- 
tosis (Dubin-Sprinz disease). Am. J. Med., 21: 292, 
1956. 


. Karpisek, J., Lyorxa, J., Tron, F. and VANACEK, R. 


Viekla zloutenka s neuncenym pigmentum v 
jaternich bunkach, Dubinuv syndrom. (Chronic 
jaundice with an undetermined pigment present 
in liver cells, Dubin’s syndrome.) Casop. lek Cesk., 
96: 611, 1957. 


. Tamaki, H. T. and Carracno, S. C. Chronic 


idiopathic jaundice with unidentified pigment in 
liver cells. Arch. Int. Med., 99: 294, 1957. 


. CAMPBELL, M., Korars, C. P., Cor, J. I. and 


HorFsaveEr, F. W. Dubin-Johnson syndrome in 
elderly men; report of three cases (abstract). 
Am. J. Med., 21: 133, 1956. 


20. Dustin, I. N. Chronic idiopathic jaundice. Am. J. 


Med., 24: 268, 1958. 


. Dreminc, D. A. The technique of the secretin test; 


normal ranges. J. Mt. Sinai Hosp., 21: 363, 1955. 


. Dretmnc, D. A. and Lipsay, J. J. The use of the 


secretin test in the diagnosis of biliary tract disease. 
A report of 327 case studies. Gastroenterology, 17: 
242, 1951. 


. D. A. and Bierman, E. L. Correlation be- 


tween plasma amylase activity and concentration 
of non-esterified fatty acids (NEFA). Proc. Soc. 
Exper. Biol. @ Med., 95: 496, 1957. 


. SNELL, A. M., Tuomas, J. F., Remer, G. W. and 


McCormic, M. Uptake and excretion of radio- 
iodinated rose bengal in liver disease. Gastro- 
enterologia, 86: 430, 1956. 


. Bexer, S., Reap, A. E. Familial Dubin-Johnson 


syndrome. Gastroenterology, 35: 387, 1958. 


. Post, J., Benton, J. G. and BREAKsTONE, R. Obser- 


vations on a cytoplasmic hepatic cell pigment in 
man. Arch. Path., 52: 67, 1951. 


9 
10 
11 
14 
15 


Familial Chronic Idiopathic Jaundice 
(Dubin-Sprinz Disease), with a Note on 
Bromsulphalein Metabolism in this Disease’ 
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and A. ARENDS, M.D. 


Groningen, The Netherlands 


HRONIC idiopathic jaundice was first de- 
C scribed by two groups of workers, Dubin 
and Johnson [7] and Sprinz and Nelson [2]. 
Recenily Dubin reviewed the case histories of 
the first recorded fifty patients with this new 
disease [3], twenty-three of whom were studied 
by Dubin personally. The clinical picture is now 
well defined. 

The purposes of this paper, which deals with 
five such patients, are to delineate more clearly 
the familial occurrence of this condition, and to 
report our observations on  bromsulphalein 
metabolism in this disorder. 


CASE REPORTS 


Caser. H.S., a forty-four year old man, was first 
seen in the outpatient department in 1951. Jaundice 
had first been noticed ten years previously. He had no 
other symptoms. There were no significant findings on 
physical examination except for slight jaundice. A 
diagnosis was not made. Four years later he was 
hospitalized because of attacks of gross haematuria. 
He was found to have a papilloma of the urinary 
bladder which was cauterized. In 1957 he was re- 
admitted for investigation of the jaundice, again with 
no other complaints. He stated that the jaundice 
sometimes became deeper without apparent cause. 
The urine was always dark. He never had pale stools. 
His father, a sister, and one of his brothers also gave a 
history of jaundice. 

The liver and spleen were not palpable. Urinalysis 
occasionally gave slightly positive reaction for bili- 
rubin. The reaction for urobilinogen was 2 plus. The 
blood picture was normal. The values for serum 
bilirubin ranged between 2 and 4 mg./100 ml. serum. 
The direct reaction of Hijmans van den Bergh was 
positive. The values for serum cholesterol, total 


lipids, neutral fat, phospholipids, alkaline phospha- 
tase, zinc sulphate turbidity, SGOT and SGPT were 
all within normal limits. The thymol turbidity was 5 
units on one occasion, but on numerous other occa- 
sions was normal. The serum iron was 112 y/100 ml. 
The serum total protein was 7.76 gm./100 ml. serum, 
of which 61.2 per cent was albumin, 3.8 per cent @- 
globulin, 16.3 per cent @»-globulin, 9.6 per cent 
globulin, and 11.7 per cent y-globulin. Bromsulphal- 
ein retention forty-five minutes after an injection of 
5 mg./kg. was 15 per cent. 

The gallbladder was well visualized with oral con- 
trast dye and also after intravenous injection of con- 
trast medium, but visualization was delayed until 
about six hours after the injection. Liver biopsy per- 
formed with a Vim-Silverman needle yielded liver 
tissue that appeared black in its fresh state. The 
histological picture of the liver tissue was characteristic 
for Dubin-Sprinz disease. 


Case ut. Pat. E. S.-B., forty years old, was the 
oldest daughter of eight children. Her parents were 
both normal, but three brothers were icteric (Cases 
im, 1v and v). Jaundice was first noticed at the age of 
fourteen, while she was suffering from an acute 
febrile disease, the cause of which remained unknown 
and for which she was admitted to another hospital. 
She was deeply icteric. The liver was palpable about 
4 cm. below the costal margin; the spleen was not 
palpable. The urine contained bilirubin, and the 
reaction for urobilinogen was strongly positive. 

Four years later (March 1936) she was admitted for 
the first time to our hospital. At that time she was 
pregnant. After the first episode of jaundice she had 
had many other attacks. 

On physical examination she was jaundiced, but 
otherwise no abnormal findings were noted. The 
fundus of the uterus reached the costal arch. Urinaly- 
sis revealed bile pigment and 1-plus reaction for 
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urobilinogen. The reaction for direct bilirubin was 
positive, the serum total bilirubin ranged from 3 
to 6 mg./100 ml. serum. No diagnosis was made. 
Four months later she was readmitted to our clinic. 
The liver and the spleen were not palpable. The gall- 
bladder was not visualized on cholecystography which 
was performed four times with oral contrast medium. 
Once again no diagnosis was made. 

At cholecystectomy performed elsewhere in 1942 no 
stones were found. In 1948 a liver biopsy, also per- 
formed in another clinic, revealed liver tissue with 
much coarse centrilobular pigment, but otherwise 
normal. A diagnosis was not made. In 1957 she was 
admitted for the third time to our hospital. She had 
suffered frequent attacks of pain in the right upper 
abdomen, with nausea and vomiting. The attacks 
lasted about two hours. After these attacks she be- 
came more icteric and passed dark urine. Apart from 
these attacks she frequently had periods of jaundice 
when she was cold or tired, during intercurrent dis- 
eases and during pregnancy. There were no abnormal 
findings on physical examination apart from a mild 
jaundice. 

Urinalysis showed again a slight positive reaction 
for bile pigment and a 2-plus reaction for urobilinogen. 
The reaction for bilirubin was directly positive, with a 
serum total bilirubin ranging from 2 to 7 mg./100 
ml. serum. The serum iron was 1707/100 ml. 

The values for serum total lipids, neutral fat, phos- 
pholipids and cholesterol were normal. Liver func- 
tion tests including SGOT, SGPT, thymol turbidity 
and serum alkaline phosphatase were all within 
normal limits. The serum total protein was normal. 
The electrophoretic serum pattern was: albumin 57 
per cent, @;-globulin 5 per cent, a2-globulin 16 per 
cent, B-globulin 9 per cent, and y-globulin 13 per cent. 

Bromsulphalein retention was 16 per cent, forty- 
five minutes after an injection of 5 mg./kg. The fecal 
urobilinogen excretion was 108 mg./day. She was 
suspected to have some kind of obstructive jaundice. 
At operation no obstruction was found. It was noticed, 
however, that the liver had a dark brown color. A 
biopsy revealed liver tissue with coarse centrilobular 
pigment granules in otherwise normal liver cells. No 
histological changes were found. The diagnosis of 
chronic idiopathic jaundice (Dubin-Sprinz disease) 
was finally made. 


Case 11. G. B. was admitted to our clinic for the 
first time in May 1953, at the age of thirty-two, be- 
cause of colicky pains in the right upper abdomen, 
typical of gallstones. He became slightly icteric after 
the attacks and passed dark urine. Physical examina- 
tion showed mild jaundice, but no other abnormali- 
ties. The liver and the spleen were not palpable. The 
urine did not contain bile pigment and there was only 
a 1-plus reaction for urobilinogen. The serum total 
bilirubin was 5 mg./100 ml. The direct reaction of 
Hijmans van den Bergh was positive. Other liver 
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function tests were normal. With oral contrast dye, the 
gallbladder was not visualized; however, there were 
shadows suggestive of gallstones in the gallbladder 
region. At operation the gallbladder contained a 
large number of small stones. A biopsy of the liver 
showed a large amount of pigment around the central 
veins. The liver cells were otherwise normal. 

After operation the patient became more deeply 


jaundiced at first, but some weeks later the serum total 


bilirubin returned to the preoperative level, and he 
was discharged from the hospital. When the correct 
diagnosis was made in his sister (Case 1), the liver 
biopsy specimen was re-examined and the diagnosis 
of Dubin-Sprinz disease was made. 

He visited the outpatient department on June 22, 
1958, five years after cholecystectomy. He had no 
complaints. On physical examination there was no 
visible jaundice. The liver and the spleen were not 
palpable. The serum total bilirubin was 5 mg./100 
ml., and the direct reaction of Hijmans van den Bergh 
was positive. The urine did not contain bile pigment. 
There was only a slightly positive reaction for 
urobilinogen. Liver function tests, including electro- 
phoresis of serum proteins, were normal. Brom- 
sulphalein retention forty-five minutes after intra- 
venous injection of 5 mg./kg. was 6 per cent. 


CasE tv. D. B., born in 1924, had had many peri- 
ods of jaundice since early childhood, without other 
complaints. In 1951 he was admitted to another 
hospital. No definite diagnosis was made, but 
laparotomy was performed in order to exclude biliary 
obstruction. At operation the bile ducts were normal, 
and no obstruction was found. The liver was blue- 
black. A biopsy was taken. The liver cells contained 
a large amount of pigment. No definite diagnosis was 
made. 

He was admitted to our clinic in March 1958. Again 
he had no complaints. On physical examination there 
was mild jaundice. The liver was palpable just below 
the costal margin; the spleen was not palpable. 
Urinalysis revealed a slightly positive reaction for 
bile pigment and a 1-plus reaction for urobilinogen. 
The serum total bilirubin was 6 mg./100 ml. The 
fecal urobilinogen excretion was 60 mg./twenty-four 
hours. Liver function tests were normal. Bromsul- 
phalein retention forty-five minutes after intravenous 
injection of 5 mg./kg. was 7 per cent. After intra- 
venous injection of contrast dye the gallbladder was 
well visualized, but not until about five hours after the 
injection. 

Dr. A. de Minjer, Professor of Pathology, Univer- 
sity of Utrecht, kindly sent us the histological sections 
of the liver from the surgical liver biopsy of 1951, and 
the diagnosis of Dubin-Sprinz disease was made. 


CasE v. P.B., born in 1934, was admitted to our 
clinic in August 1956. In 1953 he had a typical gall- 
stone colic. Afterwards he was jaundiced and passed 
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Fic. 1. Pedigree of the family of Case 1 (4). His father 
(1), a brother (2) and a sister (3) had jaundice of long 
standing. 


dark urine. Apart from this attack he had never had 
any complaints. At the time of admission he felt well. 
On physical examination mild jaundice was found. 
The liver and the spleen were not palpable. The urine 
did not contain bile pigment; the reaction for uro- 
bilinogen was 1-plus. The serum total bilirubin was 
5 mg./100 ml., and the direct reaction of Hijmans 
van den Bergh was positive. Liver function tests were 
normal. Bromsulphalein retention after intravenous 
injection of 5 mg./kg. was 9 per cent. The gallbladder 
was not visible after oral contrast dye or after a dose of 
40 ml. of an intravenous contrast dye. The bile con- 
tained cholesterol crystals. 

A diagnosis of cholelithiasis was made. However, 
after the diagnosis of chronic idiopathic jaundice had 
been established in two of his brothers and in one 
sister this case was reconsidered. The bromsulphalein 
disappearance curve and other changes in brom- 
sulphalein metabolism were of the same pattern as in 
the four other cases, and we therefore made a diag- 
nosis of Dubin-Sprinz disease in addition to gallstones. 
Because of the available evidence we did not feel 
justified in performing a liver biopsy. 


COMMENTS 


We have not been able to investigate other 
members of the family of Case 1. With the help 
of his physician and an older member of his 
family he constructed a pedigree. This is shown 
in Figure 1. His father, a brother and a sister 
had jaundice of long standing, possibly caused by 
Dubin-Sprinz disease. The pedigree of the sec- 


ond family is shown in Figure 2. The parents, 
the apparently healthy brothers and sisters, and 
three children of the patients were examined. 
None of them showed abnormalities on physical 
examination, and all had normal serum bili- 
rubin levels with a negative direct reaction of 
Hijmans van den Bergh, no increase of brom- 
sulphalein retention, no excess of urobilinogen 
in the urine, and normal liver function tests. We 
did not find evidence of a subclinical form of the 
disease in these members of the family, and the 
difference between affected members and 
healthy members was always clear cut. Some 
other members could not be studied by us, but 
are known not to have been jaundiced. 

In his recent paper (1958) Dubin stated that 
there is a tendency toward familial occurrence; 
thirteen of thirty-nine patients stated that one 
or more members of their family also were 
jaundiced. Familial occurrence was established 
three times; twice in two sisters and once in a 
mother and son [4-6]. However another exam- 
ple of familial occurrence in two brothers has 
been seen in Holland, but this has not yet been 
published [7]. 

Although the data available at this moment do 
not provide definite proof, we think it probable 
that Dubin-Sprinz disease is inherited in a 
dominant pattern, as suggested also by Beker 
and Read [6]. 

In two of our five patients (Cases m1 and v) 
jaundice was first noted after a typical gallstone 
colic. In Case m there were no complaints, 
although slight icterus was present after chole- 
cystectomy, while in Case v there have been 
two attacks until now, but apart from this the 
patient had no complaints at all. Only in Case 
11 could the complaints be ascribed to Dubin- 
Sprinz disease. This incidence of abdominal pain 
is lower than that found by Dubin, who reported 
that 77 per cent of his patients complained of 
abdominal distress. 

Dubin states that gallstones were found in five 
of thirty patients in whom laparotomy was per- 


Fic. 2. Pedigree of the family of Cases 1 to v (black squares and circles). The solid 
squares and circles represent members of the family who were examined. The 
other members were not examined but none of them has had jaundice thus far. 
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Fic. 3. High power field of a liver section of Case u, 
obtained in 1948. Hematoxylin and eosin stain. Original 
magnification X 280. 


formed. Probably cholelithiasis is a rather fre- 
quent finding in chronic idiopathic jaundice. In 
the two patients who had escaped cholecystect- 
omy and who were free of complaints, the gall- 
bladder was well visualized after intravenous 
contrast dye, and in Case 1 also after oral contrast 
dye. It should be pointed out that the gallbladder 
visualized well only five to six hours after the 
intravenous injection of dye. In our opinion, 
visualization of the gallbladder in Dubin-Sprinz 
disease may well be possible, provided gall- 
bladder function is good and sufficient time is 
allowed between the injection and the film (at 
least five hours). In Case 11 we had a liver punc- 
ture specimen of 1948 and a surgical biopsy in 
1958. The amount of pigment in the liver cells 
was about the same. (Figs. 3 and 4.) This is 
consistent with a previous observation that the 
amount of pigment present in the liver is fairly 
constant [3]. 


BROMSULPHALEIN METABOLISM 


Methods. Bromsulphalein was administered to 
fasting patients and control subjects by rapid intra- 
venous injection in doses of 2 to 6 mg./kg. Starting 
three minutes after the injection, blood samples were 
obtained every two minutes, avoiding venous con- 
gestion; after ten minutes blood samples were obtained 
every three minutes, and after twenty minutes every 
three to four minutes, the total period being thirty 
or sixty minutes. Duplicate samples of 0.5 ml. serum 
were diluted with 10 ml. buffer solution at pH 10.7 [8]. 
The blanks were processed in an identical manner, 
using blood withdrawn prior to the injection. The 
dilutions were centrifuged for twenty minutes at 
4,500 r.p.m. (about 3,000 g) immediately before 
spectrophotometry. At low bromsulphalein concentra- 


JANUARY, 1960 


Fic. 4. High power field of a liver section of Case u, 


obtained in 1957. Hematoxylin and eosin stain. Original 
magnification X 280. 


tions variations in the turbidity, which may occur 
in subsequent samples [9], proved to be a source of 
error even after centrifugation. In order to decrease 
this error the following correction procedure was 
adopted. 

In addition to the dilution with buffer all samples, 
including the blanks, were also diluted with physio- 
logical saline solution in the same ratio. The differ- 
ence between the extinction of the serum dilutions 
with saline and the blank serum dilution with saline 
was used to correct for the variation in the turbidity 
of the serum samples. The extinction was measured 
with a Zeiss spectrophotometer (M4Q) at the wave 
length with maximal light absorption (580 muy.) ina 
10.0 mm. test cuvet. The extinction of the serum 
samples diluted with buffer was measured against 
the blank serum dilution with buffer. This extinction 
was corrected by subtracting from it the difference in 
extinction between the serum solution in saline and 
the blank serum solution with saline. The corrected 
extinction was then compared with a standard pre- 
pared from the same batch of bromsulphalein by 
diluting 1 ml. (40 mg. dye) with distilled water up to 
1 L., 0.5 ml. of which was diluted with 10 ml. buffer 
solution. Plasma dilutions both with 0.05 N NaOH 
and with buffer solution were more turbid than serum 
dilutions. The latter, therefore, were used exclusively. 
Hemolyzed samples were discarded. 

The following methodological data were obtained: 
(1) Extinction was directly proportional to the brom- 
sulphalein concentration over a range from 0 to 12 
mg./100 ml. in dilutions with water and in reaction 
mixtures containing 0.5 ml. markedly jaundiced serum 
(25 mg. bilirubin/100 ml.). In a mixture with 0.5 
ml. normal serum there was a slight deviation from 
linearity at concentrations exceeding 6 mg./100 ml. 
(2) The standard deviation of the determination at a 
concentration of 3 mg./100 ml. was 0.05 mg./100 ml. 
(n = 37). The standard deviation of the determina- 
tion at a concentration of 0.8 mg./100 ml. was 0.02 


Familial Chronic Idiopathic Jaundice—Mandema et al. 45 


46 Familial Chronic Idiopathic Jaundice—Mandema et al. 


mg./106 ml. (n = 29). (3) Bromsulphalein, added 
to existing concentrations below 1.5 mg./100 ml., 
was recovered in the presence of normal serum with 
an accuracy of 0.1 mg./100 ml. The accuracy of 
recovery of small added quantities was only slightly 
lower in the case of markedly jaundiced serum and at 
higher initial concentrations. Using this method, 
therefore, an accuracy of 0.1 mg./100 ml. may be 
assumed. 

The bromsulphalein concentrations were plotted on 
semilogarithmic paper. In nearly all cases the loga- 
rithm of the bromsulphalein concentration decreased 
linearly after the first three to five minutes. The term 
‘saturation curve’’ was applied when, after some time, 
the concentration curve, plotted in this way, deviated 
from linearity and followed a less sharply inclined 
course [70]. 

By extrapolating the linear part of the curve to 
zero time, t = 0, the theoretical initial concentration 
of bromsulphalein is determined. This is the concen- 
tration which would have been obtained if the sub- 
stance were evenly distributed immediately after 
injection. The volume of distribution (V) was esti- 
mated by dividing the quantity of bromsulphalein 
injected by the initial concentration. 

The quantity of bromsulphalein disappearing from 
the blood in an exponential manner, i.e. logarithmi- 
cally linear, was calculated by multiplying the 
difference between the theoretical initial concentra- 
tion at the point of deviation of the saturation 
curve, by the volume of distribution. 

The slope of the linear part of the curve: the clear- 
ance coefficient—CC [77]—or elimination constant 
[72] was calculated by the equation: 


log Po — log P, (Briggsian logarithms, time 
in minutes. Po: serum con- 
centration at time to. P: 
serum concentration at time 
ti. 


CC 


The fractional clearance—FC [73,/4]—or per- 
centage disappearance rate [70] was obtained by the 
same equation using natural logarithms: 


FC = 2.3 X CC 


The separation of bromsulphalein metabolites in 
urine and bile was accomplished by ascending 
chromatography with butanol-water-glacial acetic 
acid as the solvent system. As described previously, 
two or three bromsulphalein fractions are found [75]. 
The fast component has the same Rf value as the 
injected bromsulphalein, not only in a system with 
butanol-water-glacial acetic acid, but also in a system 
with phenol-water. It represents free bromsulphalein. 

The slow components with a Rf value of about half 
that of the fast component are bromsulphalein prod- 
ucts, which have been conjugated in the liver. These 
slow fractions usually consist of two components. 

The amount of the slow and fast components was 


determined quantitatively by extracting the brom- 
sulphalein from the paper. We have not identified 
the nature of these bromsulphalein metabolites. 

While our studies on bromsulphalein metabolism 
were in progress Krebs and Brauer published a paper 
on unidentified metabolites of bromsulphalein in bile, 
utilizing alumina columns [76]. The possible occur- 
rence of bromsulphalein metabolites was stressed by 
the same group in an earlier paper [77]. 

Since then, other papers concerning bromsulphalein 
metabolites have been published by Meltzer et al. [78], 
Grodsky et al. [79,20], Combes [27], and Javitt et al. 
[22], all utilizing paper chromatography. The nature 
of the metabolites has not been made entirely clear, 
but the possibility that they are conjugates of brom- 
sulphalein with glucuronic acid has been excluded. 
The metabolites appear to be conjugates of brom- 
sulphalein with amino acids (glycine, glutamic acid 
and cystein) [78-27]. Javitt et al. think that the 
metabolites result from intrahepatic conjugation of 
bromsulphalein with glutathione [22]. 


Bromsulphalein Disappearance Curves. After the 
intravenous injection of bromsulphalein the 
concentration was estimated, as described, in 
blood samples taken every three to five minutes. 
As has been established by others, nearly all of 
the injected bromsulphalein is taken up by the 
liver and excreted in the bile [77]. In normal 
subjects only 1 to 2 per cent of the injected 
bromsulphalein is excreted in the urine. The 
uptake by the liver during the first ten to fifteen 
minutes occurs in an exponential manner. 
Thereafter the serum concentration of brom- 
sulphalein falls more slowly. This point where 
the curve on semilogarithmic paper shows a 
deflection is called the “saturation point.” A 
curve showing a saturation point is called a 
saturation curve [70]. 

We found that the amount of bromsulphal- 
ein which disappears from the blood exponen- 
tially in normal subjects is approximately 
constant in the same person, regardless of the 
amount injected, provided that a sufficient 
amount is injected to reach a distinct saturation 
point. When this quantity was calculated from 
the bromsulphalein disappearance curves in 
patients with Dubin-Sprinz disease, it did not 
differ significantly from the quantity found in 
eight normal subjects, with a saturation curve. 
Also, the fractional clearance of the bromsul- 
phalein was of the same order as in normal 
persons. (Table 1.) 

These data indicate that the uptake of 
bromsulphalein by the liver during the first 
phase, that is, the phase in which bromsul- 
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Fic. 5. Bromsulphalein disappearance curve: Case m1 (1), normal subject (i). 


phalein is taken up by the liver exponentially, 
is normal in Dubrin-Sprinz disease. However, 
after attaining the saturation point, the con- 
centration of bromsulphalein in patients with 
chronic idiopathic jaundice falls more slowly 
than in normal subjects, and after thirty to 
forty-five minutes increases. The increase was 
1.12 mg./100 ml. serum in one patient. At this 
point, when the last blood specimen had been 
drawn, the curve still showed an upward slope. 
(Fig. 5.) In three other patients the rise in con- 
centration was less, ranging from 0.02 mg. to 
0.22 mg./100 ml. serum, but in these patients 
blood samples were collected for only forty-five to 
sixty minutes after injection. In only one patient 
was the blood concentration followed long 
enough to detect a decrease in bromsulphalein 
concentration. In this case the serum concentra- 
tion forty-five minutes after injection was 0.61 
mg./100 ml.; after 120 minutes it was 0.99 mg., 
and after 265 minutes 0.96 mg./100 ml. This 
increase in bromsulphalein has not been found in 
normal subjects or in patients with other liver 
diseases (cirrhosis, obstructive jaundice). 

In our opinion, the much slower fall in con- 
centration of bromsulphalein in the serum in 
patients with Dubin-Sprinz disease after the 
saturation point is reached strongly suggests a 
delay in excretion of bromsulphalein, especially 
of conjugated bromsulphalein, from the liver 
into the bile. 

Meltzer et al. [78] believe that bromsulphal- 
ein conjugates, derived from the liver, are pres- 
ent in the plasma of normal persons. This 
may well be in Dubin-Sprinz disease; because of 
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impaired excretion of bromsulphalein con- 
jugates, a greater amount of these metabolites 
may enter the blood stream. At some point the 
rate at which the metabolites enter the blood 
exceeds the rate of movement of bromsulphalein 


TABLE I 
FRACTIONAL CLEARANCE AND QUANTITY OF 
BROMSULPHALEIN DISAPPEARING FROM THE 
ELOOD EXPONENTIALLY IN NINE NORMAL 
SUBJECTS AND FIVE PATIENTS WITH 
DUBIN-SPRINZ DISEASE 


Frac- 
tional 
Clear- 


ance 


| 
Bromsulphalein Exponentially 
Disappearing from the Blood 
(mg.) 


Normal Subjects 


121 352 
118 366 
131 Not estimated 
172 353 
099 378 
138 368 
140 Siz 
142 346 
291 


> 


Dubin-Sprinz Disease 


0.113 
0.111 
0.122 
0.113 
0.133 
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\ 
4 
3 
2 
I 
1 
jects | (yr.) | 
| 
= 
Case I S7 345 : 
mu | 40 | 380 
38 | | 373 
Iv} 33 | 345 
Vv | 23 | 330 
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Fic. 6. Ascending chromatography of bromsulphalein 
excreted in the bile (left), and in the urine (right). 


a 


from the blood into the liver, causing the increase 
in serum bromsulphalein shown. 

In order to detect more clearly an excess of 
bromsulphalein conjugates in the blood of the 
patients with Dubin-Sprinz disease, ascending 
chromatography of urine samples, obtained 
after the injection of bromsulphalein, was per- 
formed in the patients and in four normal sub- 
jects. These urine samples always contained some 
of the injected bromsulphalein, and we thought 
it probable that changes in the blood brom- 
sulphalein could also be observed in the brom- 
sulphalein excreted in the urine. The kidney in 
fact acts not only as a passive filter, but can also 
conjugate bromsulphalein to some extent, as 
has been proved by Grodsky [23]. The 
kidney function in our patients and in the healthy 
subjects was entirely normal. We therefore con- 
sidered it safe to assume that changes in the 
urinary excretion of free and conjugated brom- 
sulphalein reflect to a greater or lesser extent 
changes in the amount of free and conjugated 
bromsulphalein in the blood. 

Chromatography of Bromsulphalein in Urine. 
The method has been described in more detail 
elsewhere [75]. It was found that urinary 
bromsulphalein could be separated into three 
components in an ascending chromatographic 
system using butanol-glacial acetic acid-water 
as a solvent system. (Fig. 6.) The fast component 
had the same Rf value as the bromsulphalein 
used for injection. The Rf value of the slow 
components was about half that of the fast 
component. 

In normal subjects all bromsulphalein was 
excreted in the urine during the first two hours 


Urinary excretion of bromsulphalein 


Conjugated BSP 
Free BSP 


CMM 
Min. 15 3 45 60 75 90 105 120 


Fic. 7. Urinary excretion of bromsulphalein in normal 
subjects (mean of four persons) during the first four 
fifteen-minute periods and the second hour after injec- 
tion of 5 mg./kg. bromsulphalein. 


60 


50 


40 


30 Conjugated BSP 


20 [] Free BSP 


10 


12 Hours 


Fic. 8. Urinary excretion of bromsulphalein in the same 
four normal subjects as in Figure 7, during the first and 
second hour after injection of 5 mg./kg. bromsulphalein. 


after injection, but in patients with Dubin- 
Sprinz disease there was still some excretion of 
bromsulphalein in the urine after forty-eight 
hours. The total amount of bromsulphalein 
excreted in the urine in four normal subjects was 
in the range of 1 per cent to 1.3 per cent (mean 
1.2 per cent) of the injected dose. In the patients 
with Dubin-Sprinz disease this varied from 1.7 
per cent to 10.6 per cent (mean 4.8 per cent). 
The average excretion of the fast component was 
0.4 per cent of the injected dose in normal sub- 
jects. In patients with Dubin-Sprinz disease 
about the same amount of the fast component 
was excreted. However, the amount of the 
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Urinary excretion of bromsulphalein average 
of four patients with Dubin.Sprinz disease 


Conjugated BSP 
[ ] Free BSP 


BEN WSN \ 


Hours 1 


24 


Fic. 9. Urinary excretion of bromsulphalein in Dubin-Sprinz disease. (Mean of 
Cases 1, 11, 1v and v; in Case m1 the urine was sampled during other periods.) 


slow fractions excreted in the urine of patients 
with Dubin-Sprinz disease was much greater 
than in healthy subjects. (Figs. 7, 8, 9 and Table 
II.) 

The fast component appears to be free brom- 
sulphalein excreted by the kidney during the 
period in which bromsulphalein has not yet been 
taken up by the liver and is still circulating in the 
blood. Our data on the excretion pattern of 
bromsulphalein in the urine of patients with 
Dubrin-Sprinz disease indicate again that in 
this disorder there is, at first, a nearly normal 
uptake of bromsulphalein by the liver but, subse- 
quently, conjugated bromsulphalein re-enters 
the bloodstream and is partly excreted by the 
kidneys. After forty-eight hours a trace of con- 
jugated bromsulphalein can still be detected 
in the urine of patients with Dubin-Sprinz 
disease. However, only a fraction of the injected 
bromsulphalein is recovered in the urine, and 
apart from this amount, most of the bromsul- 
phalein is probably excreted with the bile. 

Chromatography of Bromsulphalein in Bile. ‘The 
same bromsulphalein components found in the 
urine can be detected in the bile. The slow com- 
ponents in bile are divided more clearly into two 
fractions than in the urine. In normal subjects 
the bromsulphalein in the bile obtained by 
duodenal drainage during the first ninety min- 
utes after intravenous injections of 5 mg./kg. 
bromsulphalein consists of about 60 per cent 
free bromsulphalein and about 40 per cent 
conjugated bromsulphalein. 

In patients with Dubin-Sprinz disease the bile 
collected over the same period contains brom- 
sulphalein almost entirely in the free state, 
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while only traces of conjugated bromsulphalein 
are found. We think it is possible that the amount 
of conjugated bromsulphalein increases later on, 
but unfortunately, at the time of these bile col- 
lection experiments we were not aware of the 
potential importance of collecting the bile over 
a longer period. 


TABLE II 
TWENTY-FOUR HOUR URINARY EXCRETION OF 
BROMSULPHALEIN IN FOUR NORMAL SUBJECTS 
AND IN FIVE PATIENTS WITH DUBIN-SPRINZ 
DISEASE, AS PERCENTAGE OF THE 
DOSE GIVEN 


Excretion 
of Con- 
jugated 

Bromsul- 
phalein 


Excretion 
of Free 
Bromsul- 
phalein 


Total 
Urinary 
Excretion 


| Amount | 


Name 
Injected 


| 
| 

| | 


Normal Subjects 


400 | 
379 
445 | 
460 

460 


. 429 


49 
40 
30 
| 
£ | 
E | 
= 20 | 
S. 355 1.2 | 0.4 0.8 
I. 355 1.0 | 0.3 0.7 
M. 400 1.3 | 0.5 0.6 
7 F. 400 | 1.1 | 0.5 0.8 
Mean..... 378 | 1.2 | 0.4 | 0.8 
‘Patients with Dubin-Sprinz Disease : 
D. B. | 2.8 | 0.4 2.4 
P. B. | 1.7 | 0.5 1.2 , 
G. B. | 2.9 | 0.3 2.6 
S. B. | 10.6 | 0.6 10.0 
: H. S. | | 62 | 0.5 5.7 
Mean....mmm | 4.8 | 0.5 4.3 
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The concentration of bromsulphalein in the 
bile in the patients with Dubin-Sprinz disease 
was much lower than in normal §sub- 
jects, but these figures are not very reliable when 
the bile is collected by means of duodenal drain- 
age. However, it is possible that in Dubin-Sprinz 
disease the excretion of free bromsulphalein is 
also impaired to a lesser extent. 

In summarizing these findings on brom- 
sulphalein metabolism in Dubin-Sprinz disease, 
the following tentative conclusions can be 
drawn: (1) The uptake of bromsulphalein by the 
liver during the first period after the injection is 
apparently unchanged. (2) Bromsulphalein is 
conjugated in Dubin-Sprinz disease as it is in 
normal subjects. (However a defect of the brom- 
sulphalein conjugating mechanism of the liver 
has not definitely been ruled out. If such a defect 
were present, an abnormal uptake by the liver 
during the first period after the injection might 
be expected.) (3) The excretion of conjugated 
bromsulphalein into the bile is markedly delayed 
in Dubin-Sprinz disease in comparison with 
normal subjects. (4) This causes entry of an 
excess of conjugated bromsulphalein from the 
liver into the blood and increased excretion of 


conjugated bromsulphalein by the kidneys into 
the urine. 


SUMMARY 


This paper deals with five cases of chronic 
idiopathic jaundice (Dubin-Sprinz disease); 
four patients were siblings. In two patients con- 
comitant cholelithiasis was observed. In two 
patients without cholelithiasis, the gallbladder 
could be well visualized after intravenous con- 
trast dye was given, but only after a delay of five 
hours. 

Biliary excretion of conjugated bromsul- 
phalein is impaired in Dubin-Sprinz disease. 
This results in re-entry of some of the conjugated 
bromsulphalein from the liver cells into the 
blood stream and excretion of an excess of con- 
jugated bromsulphalein by the kidneys. 

These abnormalities in bromsulphalein metab- 
olism, together with a familial occurrence, may 
be useful in establishing the correct diagnosis. 
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Lung Capacity’ 
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Heart Failure 
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Little Rock, Arkansas 


HE determination of total lung capacity has 
ha place in clinical medicine. Its usefulness 
in the past has been limited by the technical 
requirements for the measurement of the resid- 
ual volume. A method for the determination of 
total lung capacity which does not require spe- 
cial training and equipment could be useful 
clinically, provided it has sufficient accuracy. 

The purpose of the present study was to 
improve the roentgenographic estimate of total 
lung capacity (TLC) through a more detailed 
consideration of the shape of the lungs. The 
method to be presented is simple and practical. 
Only the standard 6-foot posteroanterior and 
lateral chest roentgenograms are required. The 
measurements and the calculations can be com- 
pleted within twenty to thirty minutes. The 


accuracy of this method appears satisfactpry for 
clinical use. 
Previous Roentgenologic Methods. ‘The first con- 
certed effort to determine the volume of gas in 
the lungs from the chest roentgenogram was 
reported by Hurtado and Fray in 1933 [7]. 
They measured the area of the chest with a 
planimeter and multiplied this area by the 
anteroposterior diameter of the thorax as 
determined externally. As can be seen by refer- 
ence to Figure 1, the gradual anteroposterior 
narrowing of the upper thorax and the curvature 
of the rib cage have been neglected. Also, the 
mediastinal contents contribute a large addi- 
tional volume. This overage is only partially 
overcome by neglecting to measure the posterior 
sulcus which is hidden by the diaphragm. Hence, 


had 


/ 


Fic. 1. Representations of the volumes measured by previous roentgenographic 
methods. Left, planimeter method. Right, parabola method. The latter was plotted 
from the roentgenogram shown in Figure 3. 
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Subtract from volume obtained above: 
a Heart 
b. Diaphragm 


c. Blood volume 
d Lung tissue 


Fic. 2. Rationale of the ellipse method. 7op, a cross sec- 
tion of the thorax made at the level of the heart illus- 
trates that each lung approximates an ellipse except 
in the region of the heart. Therefore, if each lung is 
divided into a series of elliptical cylindroids (middle left) 
the summation of these cylindroids approximates lung 
volume. Ellipses with common dimensions can be com- 
bined (middle right). The volumes which must be sub- 
tracted are shown at the bottom. The lower right hand 
figure depicts 4g of an ellipsoid which is used to represent 
each hemidiaphragm. Its curved surface corresponds 
to the diaphragmatic dome. 


the calculated volume is too large. Hurtado and 
Fray termed this the ‘“‘radiologic chest volume” 
and applied an empirical correction obtained 
from a regression equation. They found a cor- 
relation coefficient (r) of 0.64 between the cor- 
rected radiologic chest volume and the total 
lung capacity as determined by a dilution 
technic. 

A number of other investigators [2-6] have 


used a “planimeter” method. It is difficult to 
interpret the significance of their results, how- 
ever, as each new group has calculated correc- 
tion factors which best fit their data. The re- 
ported correlation coefficients have varied from 
0.5 to 0.9. 

Kovach and associates [7] reported a different 
approach to the problem in 1956. They used 
only the posteroanterior roentgenogram and 
considered the chest as a paraboloid of revolu- 
tion. A line between the lateral costophrenic 
sulci established a base line. The distance from 
this line to the apex determined the chest height. 
The final shape of the theoretical geometric 
figure was entirely dependent upon the relation- 
ship between the height of the chest and the 
length of the base line. (Fig. 1.) In general, ex- 
cessive volume is incorporated in the lower part 
of the chest while insufficient volume is added 
superiorly. A balance between these two effects 
is not assured. These authors subtracted volumes 
for the heart, diaphragm, and other intra- 
thoracic structures. 

Ellipse Method. An examination of the cross 
sectional anatomy of the thorax (Fig. 2) reveals 
that each lung is elliptical in shape except in the 
region of the heart. ‘The long dimension of these 
ellipses is anteroposterior while their short di- 
mension is transverse. If the chest roentgeno- 
gram were divided into an infinitely large 
number of thin elliptical cross sections, the 
volume could be obtained readily by integration. 
This concept forms the basis for the present 
method. Practical limitations, however, sharply 
restrict the number of sections which can be 
used. Hence, relatively large segments are 
inspected to obtain average diameters, and 
calculations are made with the assumption that 
each segment is an elliptical cylindroid. 

The area of an ellipse is: 


x (1) 


Dap is the anteroposterior diameter of the 
ellipse and Dy, is the transverse diameter. If the 
right and left lungs are designated with the 
subscripts R and L respectively, the lung area in 
any thoracic cross section then becomes: 


(447Darpr X Dra) + X Dri) (2) 


Since Dapr = Dapt = Dap, which is the 
anteroposterior diameter of the thorax, it can 
be seen that the summation of two elliptical 
lung areas at the same level is simplified. More- 
over, since Drp = Dr, = %Drr, where Dorr 
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is the “‘total’’ transverse diameter of the thorax, 
the final solution for area becomes: 


X Dor (3) 


Expression (3) is identical with expression (1) 
except that the transverse diameter of the entire 
thorax is used. Obviously, the volume of an 
elliptical cylindroid is simply the area of the 
ellipse multiplied by the height of the cylindroid. 
Theoretically, then, one may deal with two 
elliptical figures while mathematically handling 
only one. This manipulation reduces the num- 
ber of measurements and calculations to 
approximately half. Once the volume of these 
sections is determined, it is necessary to subtract 
for the volume of the heart, diaphragm, pul- 
monary blood and lung parenchyma. 

The volume of the heart may be calculated as 
an ellipsoid: 


(4) 


Since diameters are more convenient for our 
purpose this formula became: 


(5) 


The diaphragm presents a more formidable 
problem. No simple geometric shape can meet its 
varied configuration in all situations. One-eighth 
of an ellipsoid, however, offers an adequate ap- 
proximation for each hemidiaphragm. (Fig. 
2 bottom.) The curved surface represents the 
diaphragm, and the three flat surfaces are pro- 
jected anteriorly, inferiorly and medially. Deriv- 
ing this volume as one-eighth of formula (4) we 
have: 


(6) 


Total blood volume has been related to 
height by Gibson and Evans [8]. Ebert and 
associates {9] found that the intrathoracic blood 
volume averaged 19.5 per cent of the total blood 
volume. Arbitrarily, we have assumed that 
three-fourths of the intrathoracic blood volume 
is extracardiac. Hence the volume of blood to 
be subtracted is estimated as 15 per cent of the 
calculated total blood volume from the data of 
Gibson and Evans. (Table 1.) 

Estimation of lung parenchyma volume 
proved to be another problem. The fibrous con- 
nective tissues proteins of the right middle lobe 
average approximately 1.8 gm. dry weight in 
adult subjects [70]. If we assume that the right 
middle lobe constitutes 8 per cent of the lungs 
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TABLE I 
THE BLOOD VOLUME OF THE LUNGS AS OBTAINED 
FROM THE HEIGHT (BY CALCULATION) 


| 


Male 


| 
160 672| 700| 704| 733 738 | 767 
170 | 816 | 821 | 826 | 830 835 | 840 
180 | 864 ad ais 878 | 883 | 888 


Female 


150 | 517 521 s2a | 551 554 | 558 | 561 | 565 | 568 | 572 

160 | 576 | 580 | 583 | 587 | 590 | 594 | 599 | 601 | 605 | 608 
612 | 616 | 619 | 622 | 626 | 630 | 634 | 637 | 641 | 644 
| | | | | | | 


170 


Norte: The left column and top row indicate the 
height in centimeters. Example: A man 185 cm. tall has 
a lung blood volume of 888 ml. 


and further assume that this tissue is 83 per cent 
hydrated, the calculated volume occupied by the 
entire lung parenchyma is 132 ml. This quantity 
has been subtracted in all cases as 130 ml. 

The Ellipse Method Applied. Posteroanterior 
and left lateral roentgenograms of the chest are 
made at a target film distance of 6 feet. It is 
imperative to obtain maximal inspiratory effort. 
The patient should be erect as possible and in 
the same posture for both views but the arms 
are raised while the lateral view is exposed. The 
lateral view should be slightly overpenetrated to 
facilitate accurate measurements in the apical 
region. 


I. Measurements (Fig. 3) 
A. Posteroanterior x-ray film. 
1. Outline the lateral and superior bound- 
aries of the lungs by following the inner rib 
borders with a wax pencil. 
2. Divide the superior portion of the 
thorax into two segments with transverse 
lines 2.75 cm. apart (segments 1 and m1 in 
Figure 3). 
3. Draw a line transversely at the higher 
dome of the diaphragm. 
4. Divide the large area into two parts 
with another transverse line (segments m1 
and tv in Figure 3). 
B. Lateral x-ray film. 
1. Outline the lung boundaries as before. 
a. To assure accuracy, first draw the 
transverse line at the higher dome of the 


= =| | | 
771 | 776 806 | 811 
| 844 850 | 854 | 859 
| 892 | 897 902| 907 
4 d, d; 1 
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Fic. 3. Roentgenograms prepared for measurement. The arrows indicate the actual points between 


which to measure. 


diaphragm. Then validate the upper 
limit of the apex by measuring from 
this line a distance equal to that found 
on the posteroanterior roentgenogram. 
b. If the posterior ribs on opposite sides 
do not superimpose, draw a line which 
represents the average between their 
inner margins. 
2. Draw in the same four segments as on 
the posteroanterior x-ray film. 
3. The inferior segment (v on Figure 3) is 
completed by drawing a line parallel to the 
others at the level of the posterior sulcus. 
The anterior line is then extended per- 
pendicularly to meet this base line. 
. Return to the posteroanterior x-ray film. 
1. Draw a transverse line which is as far 
below the line of the diaphragmatic dome 
as found on the lateral roentgenogram. 
2. Extend vertical lines from the lateral 
costophrenic angles to meet this base line. 
Note: Occasionally an unusual configura- 
lion of the chest necessitates the use of a 
targer number of segments. This situation 
exists when the slope of a boundary line in 
any segment changes direction or becomes 
more or less abrupt. Then the mid-plane 
of that segment no longer represents an 
“average” cross section, and the segment 
must be further divided. 


II. Calculations (Fig. 4) 

A. Subtract 10 per cent from all measure- 

ments for the divergence of the x-ray beam. 

B. Determine the volume of each elliptical 

cylindroid with the formula: V = 47 X 

transverse diameter X AP diameter X height 

of the segment. 

C. Add the volumes obtained from the five or 

more segments. 

D. From this volume subtract the following: 
1. Heart—on the posteroanterior roent- 
genogram establish the long diameter (d;) 
by drawing the longest possible line from 
the junction of the superior venous pedicle 
with the right atrium to the left heart 
border, usually as it meets the diaphragm. 
From this line extend perpendiculars to 
the furthest point of the left and right heart 
borders. The sum of these two perpendicu- 
lars is used as the second diameter (d2). On 
the lateral view draw the longest possible 
line (ds) roughly perpendicular to the 
long diameter. Calculate as: V = )gmd; X 
ds X ds. 

2. Diaphragm—each hemidiaphragm is 
calculated separately. The base line on 
the posteroanterior x-ray film is divided 
into two equal parts, each half being r; 
The distance from the base line to each 
diaphragmatic dome is re. The-length of 
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Diameter Diameter 
(PA film) (Lat film) 


Thoracic 
Segment 


[Volume — 

135 
474 

2420 


Height 
2.5 
2.5 


1.5 
10.3 


33559 
4760 


Total Thoracic Volume 19 


Radius 
(Lat film) Height 


188 10.3 
189.8 


Transverse Depth 
Axis(PA film) (Lat film) 


1430 
4192 


Blood derive from height-blood volume table 


Volume to be subtracted 


TOTAL LUNG CAPAC 6 7/6 m. | 


9.9 |_18 


130 


| 
4,418 


Fic. 4. A form showing the measurements and results from the case in Figure 3. 


the base line on the lateral view is r3. Cal- 


culate as V = 


3. Blood volume—see Table 1. 
4. Lung parenchyma volume—use value of 130cc. 


Physiologic Methods. All spirometric and resid- 
ual volume determinations were performed 
with the subjects sitting upright. Residual vol- 
ume determinations were performed twice using 
an open circuit nitrogen dilution technic. The 
methods and the tolerance in these measure- 
ments and in the blood gas analyses were 
essentially the same as those in a previous report 
[77]. This determination of TLC combines 
spirometric and nitrogen dilution measure- 
ments, and will be referred to subsequently as 
the “‘dilution”’ method. 

Subjects. Four groups of subjects were studied: 
healthy young subjects, healthy old subjects, 
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patients with emphysema, and patients with 
congestive heart failure. Insofar as possible the 
roentgenograms of the chest were obtained on 
the same day that the pulmonary function 
studies were performed. Subjects with asthma, 
pneumothorax, pleural effusion, masses or 
localized areas of pulmonary consolidation were 
not included in this study. 

The healthy young subjects were medical 
students and members of the staff. Their ages 
ranged from twenty-two to thirty-seven years. 
None had symptoms of respiratory infection at 
the time of the study. 

The healthy old subjects were patients under 
treatment for non-pulmonary diseases. Their 
ages ranged from fifty-five to ninety-two years. 
These patients did not have respiratory symp- 
toms, and pulmonary function studies were con- 
sidered normal for subjects of their age. 

The patients with emphysema were thought 
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TABLE II 
PHYSICAL CHARACTERISTICS AND LUNG FUNCTION STUDIES 


Body Total ” : Functional Index Maximum | Arterial | Arterial 
: Surface Lung V ital - Residual of Breathing | Blood Oxygen 
Group Capacity Capacity Capacity Mixingt | Capacity | pCO: Saturation 
(L.) (L.) (L.) (%) (L./min.) |(mm. Hg)| (%) 


Healthy young Mean... .| 7.02 5.51 ; 3.79 0.55 | 138f 
subjects 1.17 0.78 0.76 0.36 
Range... 1.65-2.14 | 5.64-9.74 | 4.60-7.16 aa 2.16-4.92 |0.14-1.94 


Healthy old Mean... .| 4 3. 4.37 1.37 


N-25 Range...| 55 .53-2. 4.13-9.29) 1. 5. 2.56-5.75 |0.37-2.93 | 


4.84 
0.70 
3.97-6.06 


Patients with Mean.... 6.46 
emphysema S. D.....| 0.16 0.79 
N-16 Range... 1.44-2.07 | 5.59-7.57 


2.49 
0.78 
1.52-—4.07 


Patients with Mean....| 55 1.77 
congestive ae 0.23 0.35 
heart failure Range 1.53-2.29 | 2.62-6.00 | 1.50-3.27 
N-12 


* Residual volume to total lung capacity. 

t Nitrogen concentration of alveolar gas after seven minutes breathing pure oxygen. 

tn = eighteen subjects. 

§ Standard deviation. 

|| n = twenty-four subjects. 

{1 n = fifteen subjects. 
** n = eleven subjects. 
tft n = ten subjects. 


TABLE It 
TOTAL LUNG CAPACITY OF INDIVIDUAL SUBJECTS 


| 
Healthy Young Group Healthy Old Group Emphysema Group Congestive Heart Failure Group 


Subject | 
No. Spi X-ray Spi X-ray | Spi X-ray | Spi X-ray 
Spirometric Film B.S.A. | 5pirometric Film S.A. | Spirometric Film | BS.A. | SPirometric Film 
rLCt | rhc. TLC. | TLC. | | | 


.74 
87 
46 
.00 
.47 
11 
-60 
.49 
81 
00 
69 
15 
56 
48 
83 
73 
30 
.78 


WWwW&OWW WW 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 


Uk UW 


uw 


an 


~) 


ow 


n 


Mean.. 1.92 7.02 | 6.78 
| | 
* Body surface area in square meters. 
t Total lung capacity in liters. 


AMERICAN JOURNAL OF MEDICINE 


56 
205 ae 
70 37 93 
21 7 3 
40-118 28-51 83-97 
| 2.91 | 54 | i 02 33 494 87 
| 0.51 | 6 [3.02 13 12 7 
2.20-3.97 | 40 -63.1 | 11.53-12.90| 15-61 35-72 75-97 
— | 
| 42 06 45** 34tt 91+ 
53.8 | |0.39-2.49 11-67 25-47 87-91 
| | | 
| 
| 
1 2.11 1.53 4.43 | 4.48 1.74 Y 
2 1.95 1.69 7.83 7.71 1.90 0: 
3 1.65 1.97 7.56 8.59 1.91 15 
4 2.08 1.84 6.37 7.41 | 1.58 41 
: 5 1.88 1.87 5.33 5.81 | 1.60 39 
6 2.08 1.79 7.45 7.30 1.85 80 
7 1.87 2 5.31 553 | 1.61 46 
8 1.80 1.81 6.64 5.95 | 1.62 05 
9 1.96 1.68 6.42 5.90 | 1.53 64 
1.88 1.74 6.30 5.56 1.66 57 
1.82 1.82 5.88 6.20 1.62 56 
1.80 1.69 5.99 5.41 1.67 | 52 
1.91 2.17 7.31 8.35 2.07 
1.90 1.83 6.19 5.88 | 1.70 
1.93 1.74 6.79 6.33 | 1.80 | 85 | ge 7 
1.99 1.81 7.26 6.94 1.44 | MOE | 
1.84 2.08 7.30 8.28 | .... | | 
2.14 1.54 6.60 6.96 wee re 
| 2.05 .16 1.98 9.29 9.51 
| 1.79 | I | 1.71 | 6.46 7.27 | 1.77 4.03 4.22 
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Fic. 5. Dilution measurements of total lung capacity plotted against the roentgenographic ellipse 
measurements in each group. In this Figure and in Figures 6 and 7 the diagonal line in each graph 


to have pulmonary emphysema as evaluated 
clinically. In addition, physiologic studies re- 
vealed marked abnormalities in the rate of 
expiratory air flow and in the alveolar nitrogen 
concentration after seven minutes of breathing 
pure oxygen. The ratio of residual] volume to 
total lung capacity tended to be high. The car- 
bon dioxide tension of arterial blood was 
elevated in approximately half of the patients. 
The ages in this group ranged from forty-seven 
to eighty-four years. 

The patients with congestive heart failure had 
the usual clinical findings of this condition in- 
cluding marked cardiac enlargement, pedal 
edema, elevated venous pressure and prolonged 
arm to tongue circulation time. In general, 
these patients were very ill. The etiology of their 
heart disease was quite varied. Because of the 
rapid improvement which frequently occurs 
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does not represent a calculated regression line but is a line of ideal agreement 


following hospitalization in such patients, the 
physiological studies and the roentgenograms 
were completed shortly after admission. These 
subjects had the widest age range, from twenty 
to eighty-five years. 


RESULTS 


All four groups of subjects were studied by the 
“ellipse”? method. In addition, twenty subjects 
from the healthy young group were evaluated 
both by the planimeter method of Cobb [6] and 
the “parabola” metkod of Kovach [7]. 

The mean results of the physiologic studies for 
each group are shown in Table u. The individual 
values for total lung capacity (TLC) as deter- 
mined by the dilution method and by the ellipse 
method from the roentgenograms are presented 
in Table m1. The TLC was markedly reduced 
in the subjects with congestive heart failure. 
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Fic. 6. Comparative studies of the parabola method (/eft) and planimeter method (right) in the group of healthy 


young subjects. See also upper left graph in Figure 5. 
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Fic. 7. Data of Bedell and associates [73] in six patients 
with emphysema comparing the dilution and the present 
ellipse roentgenographic method plotted against the 
plethysmographic findings. The initials at the right 
identify the sub‘ects in their paper. 


There was no significant difference in the mean 
TLC of the emphysematous group as compared 
to the healthy groups when measured with the 
dilution method. A significant difference does 
exist however in the TLC of the emphysema 
group when the results of dilution measure- 
ments are compared to the roentgenographic 
method. 

Figure 5 plots the dilution measurements of 
TLC against the roentgenographically deter- 
mined TLC when the present method was 


employed. A high degree of correlation exists 
between these methods in all except the group of 
subjects with emphysema. It should be empha- 
sized that the diagonal line shown in each 
graph does not represent a calculated regression 
line but is a line of ideal agreement. 

Figure 6 presents data on the twenty healthy 
young subjects as measured by the other 
roentgenographic methods. These results are 
plotted against TLC as determined by the dilu- 
tion method. A poor correlation (r = 0.43) was 
found with the method of Kovach. There was 
better correlation (r = 0.77) with measure- 
ments by the planimetric technic. 

It was determined in six healthy young sub- 
jects that elevation of the arms did not signifi- 
cantly affect the roentgenographic TLC. This 
indicates that an error is not introduced by tak- 
ing the posteroanterior roentgenograms with the 
arms at the sides and lateral roentgenograms 
with the arms overhead. 

Roentgenograms were obtained* of patients 
with emphysema who had been studied at 
another center with a plethysmographic technic. 
The plethysmographic method is superior to the 
nitrogen dilution technic in instances when some 
intrathoracic gas is either not in communication 
with the tracheobronchial tree, or communi- 
cates with it only periodically. In six patients 
whose roentgenograms were suitable for meas- 
urement there was a much better correlation 
between the plethysmographic and the roent- 
genographic measurements of TLC than be- 
tween either of these measurements and the 

* Through the courtesy of Dr. A. B. DuBois, Phila- 
delphia, Pennsylvania. 
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values obtained by the dilution method. 
Although this series is small, the data have been 
plotted in Figure 7. 


COMMENTS 


Roentgenographic measurements of total 
lung capacity (TLC) start with the same crude 
data, the posteroanterior view with or without 
the lateral chest roentgenogram. The manner in 
which these data are used differs with the 
method. The present method recognizes the 
elliptical shape of the lungs and uses the diam- 
eters of several lung segments. The results 
presented for healthy persons and for patients 
with congestive failure are in agreement with 
measurements of TLC by a standard spiro- 
metric nitrogen dilution method. Inasmuch as 
the dilution technic is known to measure 
accurately the residual volume in healthy per- 
sons, it may be concluded that the present 
roentgenographic method affords a reliable 
estimate of TLC. 

The group of patients with congestive heart 
failure were of interest because of their markedly 
reduced total lung capacity. It has been known 
for several years that dilution measurements give 
a reproducible estimate of the residual volume 
in such patients [72]. The roentgenographic 
correction applied for the heart volume and 
pulmonary blood volume in these patients 
was identical with that used in the other groups. 
The high correlation between roentgenographic 
and dilution measurements of total lung capac- 
ity suggests that during congestive heart failure 
not only is the amount of air in the lungs 
diminished, but the total volume occupied by 
the lungs is also reduced. Thus, the decrease in 
total lung capacity in congestive heart failure 
is not due primarily to an excessive volume of 
either blood or edematous fluid in the lungs. 

Patients with obstructive pulmonary emphy- 
sema were found to have a significantly greater 
TLC by the roentgenographic method than by 
the spirometric nitrogen dilution technic. In 
order to determine whether this discrepancy was 
due to an alteration in the shape of the chest in 
the subjects with emphysema, we studied a 
group of subjects who had a marked barrel 
deformity of the chest but who did not have 
emphysema. Correlation between roentgeno- 
graphic and dilution measurements of TLC 
was found to be identical with that found in 
healthy young subjects. It was concluded there- 
fore that marked rounding of the chest, as occurs 
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with the barrel deformity, does not in itself 
interfere with the determinations of TLC by the 
present roentgenographic method. 

In connection with emphysema, the work of 
Bedell, Marshall, DuBois and Comroe [73] is 
important. They measured intrathoracic gas 
with a body plethysmograph. In eleven patients 
with pulmonary emphysema, they found that 
the mean TLC was greater by 1.09 L. when 
determined in the plethysmograph than with the 
spirometric nitrogen dilution technic. This 
value agrees with the mean difference of 0.8 L. 
in the present study of seventeen patients with 
emphysema. This discrepancy occurred in the 
measurement of the residual volume because the 
lung nitrogen was inadequately diluted during 
the seven-minute test period of oxygen breath- 
ing. Most important among the factors which 
contributed to this inadequate dilution was the 
markedly abnormal distribution of inspired 
gas and the phenomenon of gas trapping. Both 
of these factors characteristically occur in pa- 
tients with severe emphysema. The roentgeno- 
graphic method was found to correlate well with 
plethysmographic determinations in the six 
patients which were compared. This finding 
tends to validate the roentgenographic method 
for measuring TLC in patients with emphysema. 

It has been repeatedly shown that patients 
with pulmonary emphysema have an increased 
residual volume, an increased functional residual 
Capacity and a reduced vital capacity as com- 
pared to healthy persons. These patients also 
exhibit a markedly increased resistance to 
expiratory air flow. Diagrams of the lungs which 
relate pressure to volume show a smaller trans- 
pulmonary pressure at every level of lung infla- 
tion in emphysema than is found in healthy 
young subjects. This change in the volume 
elastic properties of the lungs is similar to the 
alterations found in healthy aged persons. 

In the present group of emphysematous 
patients it was found that when residual 
volume was estimated as the difference between 
the roentgenographic TLC and the vital capac- 
ity, the mean ratio of residual volume to total 
lung capacity rose from 55 to 60 per cent. This 
change was significant statistically (P = 0.02). 
When similar calculations were made for the 
group of healthy old subjects, the ratio remained 
at 43 per cent. It is obvious then that a better 
differentiation between emphysematous and 
healthy aged subjects occurs when the ratio of 
residual volume to total lung capacity is cal- 


\ 
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culated with the roentgenographic than with the 
dilution method for measuring TLC. 

The significance of the finding that patients 
with pulmonary emphysema have approxi- 
mately 1 L. of gas in their lungs over that shown 
by the nitrogen dilution method must be 
emphasized. It means that pressure volume 
diagrams of the lungs which have been cal- 
culated on the basis of dilution measurements 
actually show erroneously small volumes in 
emphysema. Hence, alterations in the volume 
elastic properties of the lungs in emphysema 
are more severe than has been indicated 
previously. 

SUMMARY 

1. A roentgenographic method for the deter- 
mination of total lung capacity has been de- 
scribed. This method requires posteroanterior 
and lateral views of the chest and principally 
involves the summation of a series of elliptical 
cylindroids into which the lungs are divided. 
The method is simple, rapid and accurate. 

2. The roentgenographic method was com- 
pared to a conventional physiologic measure- 
ment of total lung capacity in seventy-four per- 
sons. A high degree of correlation was found in 
healthy young subjects, healthy old subjects, and 
patients with congestive heart failure. A signifi- 
cantly lower correlation was found in patients 
with emphysema. 

3. The mean total lung capacity in the 
emphysema group was 0.81 L. more by the 
roentgenographic method than by the dilution 
technic. This discrepancy appears to result from 
errors in the measurement of the residual volume 
by the nitrogen dilution method. It illustrates 
further that there is a more severe alteration of 
the volume elastic properties of the lungs in 
emphysema than was previously indicated. 
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Physiologic Dead Space in the 


Hamman-Rich Syndrome’ 


Physiologic and Clinical Implications 


RosBerT A. B. HOLLAND, M.B., M.R.A.C.P. 


Sydney, New South Wales 


INCE Hamman and Rich [7] described four 
S cases of the diffuse interstitial pulmonary 
fibrosis which bears their name, many cases have 
been reported. However, in only a few have ex- 
tensive physiologic studies been made. The 
thickened alveolar walls give rise to difficulty in 
gas diffusion with arterial oxygen unsaturation 
in severe cases. Several reports of this aspect have 
appeared [2-6], but in none have the values for 
dead space been reported. Similarly, in several 
series of mixed types of pulmonary fibrosis and 
granulomatoses [3,7—9] dead space was not esti- 
mated. Austrian et al. [70] and Donald et al. [77] 
have found a high dead space in subjects at rest, 
particularly in those with more severe 
fibrosis. In the following paper, the values of 
physiologic dead space estimated at rest and on 
exercise in five subjects with Hamman-Rich 
syndrome are presented. The effect of dead space 
values on the symptomatology is considered, as 
well as its implications regarding the validity of 
certain methods of measuring pulmonary diffus- 
ing capacity. 


METHODS 
Physiologic dead space was calculated for carbon 
dioxide from the Bohr equation, using arterial carbon 
dioxide tension, and regarding inspired carbon dioxide 
tension as zero (breathing air). 


arterial CO, tension — expired 
CO, tension 


expired CO, tension 


Thus: space _ 
tidal volume 


The subjects were studied breathing on an open 
circuit into a Douglas bag. Resting studies were per- 
formed on a cardiac bed sitting at an angle of 70 to 
80 degrees. Exercise was performed on a stationary 
ergometer bicycle. Five minutes was allowed at any 
level of exercise for a steady state to be reached. 


Expired air was analysed for carbon dioxide on the 
Haldane apparatus, duplicates being required to 
check to within 0.02 per cent. Arterial blood was ob- 
tained throughout the collection period from a needle 
indwelling in the brachial artery. Determinations of 
blood gas content were performed by the methods of 
Van Slyke and Neill [72]. The pH of whole blood was 
determined in an anerobic cell with a Stadie micro- 
electrode and a Cambridge meter specially calibrated 
to read to .005 pH units by the National Standards 
Laboratory. It was measured at the temperature of 
running water and corrected to 37°c. by the formula 
of Rosenthal [73]. Arterial carbon dioxide tension was 
obtained by the nomogram of Singer and Hastings 
[74], correcting for oxygen unsaturation when neces- 
sary. Measurements were made at sea level; the dead 
space is expressed at body temperature and ambient 
pressure saturated with water vapour. 

The mouthpiece was T-shaped with spearpoint 
valves. Its internal volume was approximately 70 ml. 
in the earlier studies and approximately 60 ml. in the 
later ones, but the nature of a spearpoint valve system 
makes its volume hard to estimate. It is believed that 
in all cases the volumes used for the apparatus dead 
space are too high, resulting in a slight underestima- 
tion of the dead space in the individual. 


RESULTS 


Clinical data of the five cases studied are 
shown in Table 1. 

All the patients had the history, physical 
signs and radiologic picture of pulmonary fibro- 
sis of the Hamman-Rich type. There was no sug- 
gestion of a definite cause for the fibrosis in the 
history, physical examination or special in- 
vestigations. In four cases, histopathology con- 
firmed the diagnosis. In one subject (R. F.), the 
diagnosis rested on clinical and radiologic evi- 
dence and a negative scalene node biopsy. 

All patients showed an increase in physiologic 


* From the Department of Medicine, University of Sydney, Sydney, New South Wales. Supported in part by the 
National Health and Medical Research Council and by the Joint Coal Board. 
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Physiologic Dead Space of the Lung—Holland 


Oxygen consumption 
(ml. /min.) 


Fic. 1. The physiologic dead space (corrected for mouth- 
piece) and its increase with exercise. 


dead space at rest (Table mu and Fig. 1) and in 
two subjects (W. J. and D. C.) it was marked. 
Two subjects (S. K. and R. F.) showed no in- 
crease in absolute figures for the corrected dead 
space, but the ratio of corrected dead space to 
tidal volume was much increased, particularly 
when it is remembered that at their relatively 
low tidal volumes, 70 ml. was almost certainly 
too much to allow in correcting for apparatus 
dead space. In a study of normal subjects in 
this laboratory [75] twenty-one men at rest 
had a mean corrected physiologic dead space of 
133 ml., the range being 216 to 81 ml. For 
women, the mean was 94 ml., the range being 


TABLE I 
DATA OF SUBJECTS STUDIED 


Body 
Height 

(in.) Area 
(M?) 


Method of 
Diagnosis 


Degree of 
Disability 


Lung biopsy 
and au- 
topsy 

Moderate | Lung biopsy 

Moderate | Lung biopsy 

and au- 

topsy 

Mild Clinical and 
radiologic 

Lung biopsy 


Severe 


Severe 


800 1200 
Fic. 2. The effect of change of tidal volume on ratio of 


dead space (uncorrected for mouthpiece) to tidal volume. 
All values of normal subjects fell within the shaded area. 


121 to 40 ml. The ratio of corrected dead space 
to tidal volume was 0.35 to 0.15 with a mean 
of 0.23. The low values were doubtlessly false 
due to correction by subtraction of the full value 
of the mouthpiece volume in persons with low 
tidal volumes. These figures are in accord with 
those of other workers. It is seen that all patients 
with the Hamman-Rich syndrome had 
a resting dead space/tidal volume ratio higher 
than normal, and all but one (R. F.) had a dead 
space greater than any of the normal subjects of 
corresponding sex. 

On exercise, the dead space showed a marked 
increase in all subjects. (Table m and Fig. 1.) 
None of the patients was able to do more than 
light exercise, but large values for the dead 
space were reached in some cases. In Figure 2 
the ratio of dead space (uncorrected for mouth- 
piece) to tidal volume is plotted against tidal 
volume. This demonstrates that in any individ- 
ual there is little change in this ratio as the tidal 
volume increases with exercise or with change in 
ventilatory pattern. In normal subjects the 
physiologic dead space showed little increase 
with exercise or hyperventilation, while the ratio 
Vp/Vr fell-.as:tidal volume increased. All the 
values of the dead space/tidal volume ratio 
(uncorrected for the mouthpiece) in normal sub- 
jects (resting, exercising or hyperventilating) fell 
within the shaded area of the figure. 

In Figures 1 and 2, most of the duplicate and 
repeat estimations have been omitted for the sake 
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100 
80 
Yo YY 
Vr 
(mi) Yj 
Normal YY 
40 
20 
| 
| 
wt 54 | 68 | 132.5 
D.C. | M | 32 | 71 | 121 1.72 
S.K.| F | 17 | 60 | | 1.31 
r.F.|m| 61 | 65.5 | 121 1.60 
w.s | | 65 | 153 | 1.76 


THE DEAD SPACE AND DEAD SPACE/TIDAL VOLUME RATIO IN THE PATIENTS STUDIED. ALL 
° ESTIMATIONS ARE SHOWN. IN THE RIGHT HAND COLUMN IS SHOWN THE DEAD SPACE, 
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TABLE IU 


RECALCULATED TO ALLOW FOR SOME VENOUS ADMIXTURE 
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CO, Tension 


Dead Space/Tidal | 


(mm. Hg) Volume Ratio 
| Oo Uptake Tidal | 

- Subject | (ml./min. Volume | 
STPD) | (ml. BTPS) | Expired | Arterial | Uncorrected | Corrected * | 
| Ai Bl for Mouth- | for Mouth- | 
| piece piece 
| | 
W.J. | 292 694 14.0 0.65 | 0.61 | 

| 302 835 | 12.7 0.67 | 0.64 

| 277 679 | 12.7 0.67 | 0.63 

| 281 609 | 10.8 0.71 | 0.67 

| 290 625 | 11.6 0.68 | 0.64 

593 886 | 12.4 0.66 0.63 

D.C. 234 1527. | 17.5 0.37 | 0.34 

271 =| 1349 | 17.7 0.36 | 0.32 

827 | 1906 | 16.6 0.48 | 0.46 

| 

212 1054 | «15.6 4 0.52 | 0.49 
221 1234 | 14.7 6 0.50 | 0.48 | 
603 1553 16.0 a 0.55 | 0.53 | 

1576 4 Ry 0. | 0. 


186 


334 
339 
450 


oo) 


ooo 


Physiologic 
Physiologic Dead Space 
Dead Space | (ml. BTPS) 
(ml. BTPS) Based on 
Corrected for | Arterial COz 
Mouthpiece Tension— 
3 mm. Hg 
382 360 
489 462 
386 364 
359 344 
354 334 
502 476 
489 | 
413 308 
849 750 
488 434 
561 492 
797 734 


841 


131 
127 
174 


777 


120 
116 
159 
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of clarity. In each case the points used were all 
obtained on the one day, and the same days were 
used in both graphs. 

In three subjects (W. J., D. C. and W. S.), 
there was much focal emphysema in the lung 
specimens obtained and examined microscopi- 


BTPS = body temperature and pressure (saturated). 
* Dead space and tidal volume both corrected for mouthpiece. 
+t Oxygen consumption not measured. Patient at rest breathing 100 per cent oxygen. 


477 || 8 0. 0. 199 183 
250 | 451 | 18.3 | 0.57 0.50 | 189 174 
509 700 19.9 0.55 0.50 | 312 289 
504 | 708 20.0 | 0.53 0.48 «| 307 281 
W. S. 214 599 | 15.0 5 | 0.54 0.49 262 235 
209 612 | 14.4 5 | 0.56 0.51 | 280 253 
443 1095 «13.3 1 | 0.57 | 0.55 | 559 507 
598 | 1616 11.3 0 | 0.61 | 0.59 916 843 
| | 
234 627 13.8 | 0.61 0.57 | 320 297 
505 | 1309 12.9 1 0.64 0.63 | 782 738 
575 | 1636 | 11.7 0 | 0.67 | 0.65 1028 977 
| 
| 232 | 513. | (13.8 6 0.60 | 0.55 | 249 228 
t 518 | 13.2 4 0.65 0.60 276 259 
$ | 399 | 13.1 3 | 0.65. | 0.59 199 187 
| | | 
Norte: STPD = standard temperature and pressure (dry). 


cally at about the time of testing. In one patient 
(S. K.) although the thickening of alveolar walls 
was marked in the biopsy specimen, no focal 
emphysema was present at that time. These 
changes are shown in Figure 3. In one subject 
(R. F.) no specimen was available. Thus, the 


= 
| 
S. K. is8 | | 16.6 | 41.6 | 0.60 48 | 
= | og | | 40.4 | 0.58 47 | 
552 18.8 | 41.1 0.54 46 | 
| | 
| 
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Fic. 3. Photomicrographs of lung specimens. A, subject W. J. B, subject D. C. C, subject S. K. D, sub- 
ject W. S. Note the emphysematous change in W. J., D. C. and W. S., and its absence in S. K. All 
specimens were obtained at about the time of testing. A, this section (autopsy) also shows pneumonia. 
B, this specimen corresponds to the first series of tests in subject D. C., performed sixteen months 


befor«: the second series. 
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size of the physiologic dead space correlated well 
with the amount of emphysema present, and it 
is to the presence of such unperfused areas in the 
lung that most of the increase in dead space is 
attributed. 


COMMENTS 


The Meaning of Physiologic Dead Space. In ab- 
normal conditions of the lung, the concept of 
dead space is not as clear as it appears in the 
normal lung. This is largely because of diffi- 
culty in the definition of physiologic dead space. 
For this reason, a more strict consideration of the 
problem is necessary. 

It is generally accepted that the tidal volume 
can be divided into two parts, one of which is the 
physiologic dead space and the other, as desig- 
nated here, is physiologic alveolar volume. 
Neither has fixed boundaries and they merge 
with each other. The size of the dead space is 
determined, not only by the amount of air whose 
inspired concentration remains unchanged, but 
also by quantities of air which do not come into 
contact with enough blood for their gaseous 
composition to be changed fully. These con- 
tribute to the dead space according to their size 
and to the degree to which the air remains 
unaltered. 

Since physiologic dead space and physiologic 
alveolar ventilation are interdependent, neither 
can be defined in terms of the other. Nor can 
arbitrary anatomic boundaries be used. Rossier 
and Biihlmann [76] define alveolar ventilation 
in terms of the clearance concept as it is familiar 
in renal physiology. 


Thus: alveolar ventilation per minute 
CO, output per minute 
fractional alveolar CO» concentration 


Vco, 
* where the units correspond. 


*or: V, = 
Aco, 


Similarly, since oxygen is present in inspired air: 


This assumes the respiratory exchange ratio to 
be unity which simplifies the equation. 


* All symbols used are in accordance with the code 
agreed on in 1950 [77]. 
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If tensions are used: 


Rossier and Biihlmann, considering alveolar 
ventilation with respect to carbon dioxide alone, 
define it as being ‘“‘the volume of air of alveolar 
composition embodying the total quantity of 
carbonic acid eliminated by respiration in the 
unit of time.” A similar definition, changed to 
allow for the presence of oxygen in inspired air, 
would define alveolar ventilation with respect to 
oxygen. The weakness of this definition, how- 
ever, lies in the impossibility of conceiving a 
value for “‘alveolar composition.” For, when one 
rejects anatomic boundaries as a criterion of 
alveolar air, it is as abstract a concept as is 
physiologic dead space. It is failure to appreciate 
this which has led to much of the confusion 
about dead space. 

The concept is clarified, although perhaps not 
simplified, if the clearance concept is applied to 
the pulmonary capillary blood. Thus, the defini- 
tion in the case of CO2 would be ‘“‘the volume of 
air, whose components have the same tension as 
pulmonary capillary blood gases, which em- 
bodies the total quantity of carbon dioxide 
eliminated in unit time.” As has been stated, the 
tidal volume cannot be divided into “physiologic 
dead space” and “‘physiologic alveolar volume”’ 
by the use of anatomic boundaries. Such a divi- 
sion can be effected if the concentration of one 
constituent gas is known in the mixed expired 
air and in each component part. Dead space 
gas has the composition of inspired air. ‘‘Alveo- 
lar’’ concentrations must be fixed independently; 
hence one is forced into defining “alveolar 
ventilation” in terms of blood concentration 
rather than in terms of a gaseous concentration 
in part of the lung. Once alveolar ventilation is 
defined in this manner, physiologic dead space 
follows immediately. 


alveolar ventilation 


Vp = Vr 
respiratory rate 


The implications of this concept have to be 
considered. The diffusion gradient across the 
alveolar membrane is neglected, the gradient 
showing itself, not as such, but as an increase in 
the dead space. Even the air in the best perfused 
alveoli is “relatively dead” by comparison with 
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the capillary. Secondly, if physiologic dead space 
is calculated in this way for several gases having 
the same site of diffusion, it will be higher for 
those that diffuse slowly. 

The position is then that physiologic dead 
space cannot be defined for a gas unless the dif- 
fusion gradient for that gas appears, not as a 
gradient but as a dead space increment. Thus in 
the determination of steady state diffusing capac- 
ity for oxygen or carbon monoxide, where the 
alveolocapillary gradient is vital, one must 
obtain the alveolar concentration of the gas in 
question using a dead space independently 
derived. The dead space generally used is that 
obtained as just mentioned for carbon dioxide. 


This results in overestimation of diffusing 
capacity, as a small amount of diffusion 
gradient appears as dead space. Actually 


in normal subjects in whom 99 per cent equili- 
bration between alveolus and capillary as 
regards carbon dioxide tension is achieved 
in 10 per cent of the transit time [78], and 
in whom venous admixture and ventilation/ 
perfusion disparities are at a minimum, one 
would expect little difference between capillary 
carbon dioxide tension, arterial carbon dioxide 
tension and anatomic alveolar carbon dioxide 
tension. It was this which led Riley [79] to use 
arterial carbon dioxide tension in the derivation 
of dead space. Martin and Young [20] have 
shown by lobar spirometry that in a normal 
subject in the erect position there can be consid- 
erable variation in the ventilation-perfusion 
relations in the lung. They describe a case in 
which the physiologic dead space obtained in 
this way would exceed anatomic dead space by 
100 ml. In view, however, of the closer agree- 
ment found by Holland and Blacket [75] between 
the normal mean physiologic dead space and the 
nitrogen meter dead space of Fowler [27], it is 
not believed that this is of frequent occurrence. 

Another difficulty can now be resolved. 
Articles on diffusing capacity have discussed the 
assumption that dead space for carbon monoxide 
and oxygen is the same as for carbon dioxide 
|75,78,22|. However, according to the concept 
of physiologic dead space given here, this cannot 
be so. The important assumption is that the 
gases have the same site of exchange. Making this 
assumption and using carbon dioxide dead space 
for oxygen or carbon monoxide, the carbon diox- 
ide exchange is used as the criterion of whether 
or not part of the lung can take part in oxygen or 
carbon monoxide exchange. 


In all cases, then, the steady state diffusing 
capacity obtained using physiologic dead space 
must depart from the true diffusing capacity. 
The actual error introduced in this way in nor- 
mal subjects is not great but it may account for 
some of the difference in values obtained by 
different methods. 

The Meaning of Physiologic Dead Space in the 
Hamman-Rich Syndrome. ‘The concept of dead 
space in this syndrome is likely to cause confusion 
if it is approached other than in the rigid manner 
already outlined. Its definition is still in terms of 
the capillary blood but the following points must 
be borne in mind: 

The thickened alveolar walls: Forster [78] states 
that even if there is gross thickening of alveolar 
walls (up to ten times), 99 per cent equilibration 
of carbon dioxide between alveolus and capillary 
is achieved in 90 per cent of the transit time. 
Thus, end capillary blood would be in very 
good equilibrium with the adjacent alveolus, 
and the carbon dioxide tension of the mixed end 
capillary blood would be convenient to use in 
the calculation of a physiologic dead space. ‘The 
small gradient present in this situation would 
make little difference to the dead space and 
there would be minimal effect on diffusing 
capacity. Mixed end capillary blood, of course, 
cannot be obtained, so in practice one has re- 
course to arterial blood. This is subject to the 
disadvantages detailed herein. 

Venous admixture: This has not been measured 
in any proved cases of Hamman-Rich syndrome 
but the results of Austrian et al. [70] and Donald 
et al. [77] in various forms of fibrosis lead one to 
infer that it is present and is marked in the severe 
cases. Thus, the arterial carbon dioxide tension 
might well be up to 3 mm. Hg higher than the 
end capillary tension. This will lead to a higher 
value for physiologic dead space and a slightly 
high value for any diffusing capacity calculated 
using this. 

The Application to Cases of Hamman-Rich Syn- 
drome. ‘The increase in dead space and in dead 
space/tidal volume ratio in the cases of the 
present series indicates that only about half of 
the ventilatory volume could be considered as 
coming into effective capillary contact for the 
purpose of oxygen or carbon monoxide transfer. 
As dead spaces were measured with respect to 
arterial blood, an arbitrary recalculation was 
made to obtain an approximation of dead space 
with respect to end capillary blood. For this, 
3 mm. Hg was subtracted from the measured 


AMERICAN JOURNAL OF MEDICINE 


Physiologic Dead Space of the Lung—Holland 67 


arterial carbon dioxide tension. This is a gen- 
erous allowance for venous admixture in view 
of the shape of the carbon dioxide dissociation 
curve and the low A-V COs difference. Table 
11 shows that while this results in a decrease in 
dead space, there is still gross elevation in the 
severe Cases. 

Recently Bates [6] has presented studies on 
three cases of the Hamman-Rich syndrome in 
which he has determined the D1,, on exercise 
and hence the mean alveolocapillary gradient 
for oxygen. He found the gradient impossibly 
high and suggested that steady state methods for 
determining D1,. may be invalid in this condi- 
tion. He determined PA,, by two methods; in 
the first, he used an assumed dead space and the 
Bohr equation; in the second, he used end tidal 
air sampling and obtained a value for PAgo 
directly. However, Bates is unjustified in both 
the methods he used. The first, which involves 
the assumption of a dead space, is invalid owing 
to the high and unpredictable value for dead 
space in subjects at rest and on exercise. The 
second, which uses end tidal air as alveolar air is 
unjustified because of the high dead space/tidal 
volume ratio and because of the character of the 
dead space, areas of focal emphysema which con- 
tribute to the expirate right through expiration. 

The use of the physiologic dead space as out- 
lined will cause some slight overestimation of 
diffusing capacity, but the error introduced is less 
serious than that introduced by including a large 
contribution from regions which are not perfused 
in the alveolar sampie. Regions which are not 
perfused have as little chance to contribute to 
oxygen or carbon monoxide transfer as have 
the nasal cavity and trachea, and hence must be 
excluded from consideration. 

Clinical Effects of the Increased Dead Space. ‘The 
increased dead space obliges the patient to 
ventilate much more in order to deliver sufficient 
air to the properly functioning regions of the 
lung. This effect at rest is no great embarrass- 
ment to the patient but it accounts, at least 
partially, for the resting hyperventilation which 
is so characteristic a feature of pulmonary 
fibrosis. On exercise the volume of dead space 
to be ventilated can become excessively great 
and it can play a major part in bringing the 
patient to the dyspnea level at relatively low 
levels of exercise. The correlation of the dead 
space with the clinical severity of the cases was 
previously noted and, while many other factors 
play a part in the production of symptoms, it is 
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believed that the importance of the high dead 
space has not been sufficiently stressed. 


SUMMARY 


Physiologic dead space has been measured in 
five cases of the Hamman-Rich syndrome using 
arterial carbon dioxide tension for alveolar 
carbon dioxide tension. 

At rest physiologic dead space was increased 
in three cases, sometimes grossly. The dead 
space/tidal volume ratio was elevated in all 
cases. On exercise physiologic dead space in- 
creased greatly; its ratio to tidal volume showed 
no appreciable change from the resting ratio and 
was excessive in all cases. 

The increase was too great to be accounted for 
by errors in the method or an artefact caused by 
venous admixture. It is attributed to the devel- 
opment of focal emphysema. 

Increase in dead space correlates well with, 
and is believed to account partially for, clinical 
severity. 

In this condition the dead space is too high at 
rest and on exercise for one to obtain “‘alveolar 
air’ by end tidal sampling. Similarly the assump- 
tion of a dead space is unjustified. 

The meaning of “‘physiologic dead space’’ is 
discussed. Attention is drawn to the fact that it 
must be defined in terms of blood gas and not 
alveolar gas tensions, since the term itself 
implies our inability to choose any sample of 
air as representative of alveolar air. 
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Mechanisms of Anemia in Leukemia 


and Malignant Lymphoma’ 


JANE F. DESFORGES, M.D., JEAN D. Ross, M.D. ance’ WiLL1AM C. MOLONEY, M.D. 


Boston, Massachusetts 


NEMIA may be the first and is often the most 
prominent manifestation of malignant 
lymphoma and leukemia, and frequently its 
severity is out of proportion to the extent of 
involvement by the primary disease. It is the 
purpose of this paper to describe the mechanisms 
of development of this complication and to dis- 
cuss the management of anemia in_ these 
disorders. 


METHODS AND MATERIALS 


Technics used for routine blood studies, for im- 
munohematologic observations, for Ashby and Cr?! 
tagged red cell survival times and for the investigation 
of plasma and red cell iron turnover have been previ- 
ously described [7]. The normal limits for the ferro- 
kinetic indices are included in the table. During the 
first part of the project, surface scanning of heart, 
liver, spleen, sacrum and thigh was performed with a 
Geiger-Mueller probe and the results at each site 
were expressed as percentage of the total counts from 
the five areas [7]. In later studies we employed a 
Tracerlab scintillation monitor, with a 1-inch window 
and a 2-inch lead shield projecting 2 inches beyond 
the window. This was held in a constant position 
against the standard areas marked on the skin each 
time observations were made. These results were then 
expressed as absolute counts per minute after cor- 
recting for background and physical decay. 

The patients described in the text were seen in the 
Hematology Laboratory (Tufts) of the Boston City 
Hospital, and the diagnoses were established by blood 
and bone marrow morphology, histochemistry and 
tissue biopsy. 


RESULTS 


The most common erythroid defect en- 
countered in our cases of malignant lymphoma 
and leukemia was hemolysis, which was present 
in varying degree. This was demonstrated by 
measuring the rate of destruction of either the 
patient’s erythrocytes tagged with Cr®*! and 


autotransfused or those of normal donors studied 
by the same methods, or by the differential 
agglutination technic. Hemolysis of erythrocytes 
from both normal donors and the patient was 
observed, thus demonstrating that an extracor- 
puscular defect is involved in the hemolytic 
mechanism. 

Clinically, leukemia may first manifest itself 
as acquired hemolytic anemia, and this was 
documented by one patient in this study who 
had mild anemia, reticulocytosis and a positive 
Coombs’ test, together with splenomegaly, 
many months before leukemia could be recog- 
nized in either marrow or liver biopsy. During 
this period the red cell survival time measured 
by the Ashby technic (normal equals 120 days) 
indicated a red cell life span of less than two 
weeks. In spite of this the erythropoietic response 
was such that the patient’s hematocrit was 
between 38 and 40 per cent during most of this 
phase of the disorder. 

Survival of Cr*!-transfused cells in this series 
of patients with malignant lymphoma and 
chronic lymphatic leukemia has been plotted in 
Figure 1. While splenomegaly was prominent 
in three of these cases, it is noteworthy that the 
patient, whose red cells had a half-time of 
seventeen days, had Hodgkin’s granuloma con- 
fined to the thorax without splenic involvement. 
In none of these cases was there serological 
evidence of immunohemolysis by Coombs’ 
test or by the presence of autoagglutination or 
cold agglutination. The compensatory capacity 
of the marrow in these cases was demonstrated 
by the adequate hematocrits. It is evident that a 
significantly increased rate of erythrocyte de- 
struction may be associated with only mild 
anemia in the presence of adequately functioning 
marrow. 

That there may be a variable response to 
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Fic. 1. The survival time of Cr®! tagged red cells is plotted in a group of patients 
with lymphatic leukemia and lymphoma. The radioactivity remaining in the cir- 
culating red cells is expressed as percentage of that observed five hours after in- 
jection. The normal values for disappearance of half the activity is noted as nor- 
mal T!4. The hematocrit at the time of the study is noted on each curve. 


TABLE I 
DATA ON IRON TURNOVER IN PATIENTS WITH LEUKEMIA AND LYMPHOMA 


Red Cell Iron 
Turnover 


Plasma Iron 
Turnover 


— TW%* Serum | — | Red | Whole | | Red | Whole 
— Disease bn ron jy, 0 Blood | Blood | Blood | Blood 
Cells/| Cells/ | , | Cells/ | Cells/ 


ml. | mi, | foetal 


ml. | ml. 


| 


Chronic lymphocytic leukemia | 16 
| 


| 51 29 |143 188.5 | 23.4 |88.5 | 23.4 
1m | Chronic lymphocytic leukemia 295 | 231 25 | 33 25.0 | 5.9 0 0 0 
mt | Myeloma 190 | 200 21 | 33 39.2 | 8.2 11.2) 13.3 2.8 
| Acute leukemia 250 142 26 | | 48.2 0.9 
v_ | Acute leukemia | 225 | 216 29 32.2 | 26.8 9.0 13.51) 74.3 3.78 
v1 | Acute leukemia 130 170 22 | 50 51.8 10.3 £2.01 11.4 a 
Myeloproliferative disorders: 
| Chronic myelogenous leukemia} 192 167 | 20.5 | 3.1] 3.7 | 0.8 0 | 0 0 
vill Myeloid metaplasia | 30 68 21 | 85 95.5 | 18.1 | 68.8|77.0 | 14.6 
IX Myeloid metaplasia 60 137 29 | 82 62.8 16.7 | 77.9159-.6 15.9 
x Chronic myelogenous leukemia | 34 111 38 | 137 61.7 | 21.1. | 37.5| 23.1 ro 
XI Polycythemia veraand myeloid} 12 60 51 1121 |46.5 | 24.0 | 121 46.5 | 24.0 
metaplasia 
XII Polycythemia vera | 108 | 28.3/)17.8 | 6.8 28.3/17.8 | 6.8 
Normal range: | | 
High 42.7 | 24.35 | 17.60) 7.93 
75 


* T lo refers to the time in minutes of the disappearance of half the injected Fe*’ from plasma. Both plasma and red 
cell iron turnover are given in relation to red cell volume and whole blood volume, with the range of values in normal, 
non-anemic persons for comparison. The values are calculated for a twenty-four hour period and are expressed in milli- 


grams for the total, and in micrograms per milliliter of red cells or whole blood. 
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Fic. 2. The radioactivity observed over the indicated sites after injection of 
plasma-bound radioactive iron is plotted according to time and days after injec- 
tion. Radioactivity is expressed as per cent of the total counts at the indicated sites 
at the time of observation. A is Case 1 and B is Case 1. In A there is normal mar- 
row uptake and discharge of radioactive iron with reappearance in circulating 
blood. In B there is insignificant marrow uptake with consequent storage in the 


liver. 


hemolysis is also demonstrated by measurement 
of the iron turnover in these diseases. In 
Table 1, contrasting erythropoietic responses in 
two cases of chronic lymphatic leukemia are 
presented. Case 1 had an hematocrit of 35 per 
cent and a reticulocyte count of 3.5 per cent red 
cells with a white count of 22,000 per cu. mm. 
at the time of this study. In this patient the 
half-time of plasma iron disappearance was 
sixteen minutes with a total plasma turnover of 
143 mg. a day. One hundred per cent of the 
injected radioiron reappeared in the circulating 
red cells, with resulting values for red cell iron 
turnover of 88.5 wg. per ml. of red cells and 23.4 
ug. per ml. of whole blood. Such values are 
markedly increased, indicating very active 
erythropoiesis. The fact that there was anemia 
at the time of this study demonstrates that the 
compensatory increase in erythropoiesis was 
inadequate. In Figure 2A are plotted the dy- 
namics of the radioactive tag in this case, as 
estimated by surface monitoring of liver, sacrum, 
spleen, precordium and thigh. The curves 
demonstrate a rapid uptake of iron by the mar- 
row, followed by a rapid decline in activity as the 
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radioactivity appeared in the circulating red 
cells. In contrast to this, as shown in Figure 2B, 
are the results of surface scanning for Fe*® in 
Case ul, a patient with chronic lymphatic 
leukemia in relapse maintained by transfusion 
therapy. At the time of these observations this 
patient’s hematocrit was 29 per cent, reticulo- 
cytes were less than 0.1 per cent, and the white 
count was 98,600 per cu. mm. The lack of 
incorporation of Fe®® into the red cells and the 
accumulation of the tagged iron in the liver 
area are consistent with marked depression of 
erythropoiesis and consequent iron storage 
in the liver. Both these findings and the tabu- 
lated calculation for iron turnover indicate that 
erythropoietic activity was diminished. 

Marrow hypofunction was observed also in 
multiple myeloma (Case m1) and this appeared 
to be the basis for the anemia. In this instance 
marrow specimens contained both myeloma 
cells and normal marrow elements but the extent 
of total marrow replacement could not be 
precisely estimated. 

In certain cases of acute leukemia, ferrokinetic 
indices indicated a severe depression of eryth- 
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Fic. 3. This chart is plotted in the same manner as Figure 
2. It demonstrates depressed marrow uptake with deposi- 
tion of iron in the liver in Case v1. 


ropoiesis, probably explained in these instances 
by replacement of normal marrow elements by 
leukemic tissue. The values observed in Case tv 
are tabulated to illustrate marked depression 
of red cell iron turnover in association with 
extensive leukemic infiltration of the marrow. 
However, this depression of erythropoiesis 
cannot always be explained on an anatomic 
basis. In Case v, for example, the marrow was 
hypocellular throughout the course of the dis- 
ease, and the only evidence of leukemia for 


100 
30 
80 
70 
60 
50 


35 


Mechanisms of Anemia— Desforges et al. 


many months was the presence of small clumps 
of monoblasts scattered through the hypocel- 
lular marrow specimens. In Case vi, a patient 
presenting with severe anemia, many normal 
elements were still apparent in the marrow early 
in the disease, although there was marked 
insufficiency of marrow function at this time as 
evidenced by diminished red cell iron turn- 
over, consistent with decreased erythropoiesis. 
Figure 3 is an example of the postinjection fate 
of Fe®*® as observed by surface monitoring in one 
of these patients. The curves are similar to those 
in Figure 2B, illustrating a case in which there 
was increased iron deposition in the liver and 
depressed marrow uptake. 

Corticosteroid therapy was ineffective in 
stimulating erythropoiesis in those cases present- 
ing as aplastic anemia. When anemia was due to 
marrow replacement by infiltrative disease, 
response to therapy depended upon the degree of 
control of the underlying process. 

Patients with myeloproliferative disorders 
have shown a variety of erythropoietic defects. 
The variability of red cell survival in these syn- 
dromes is demonstrated in Figure 4. At one 
extreme is a case with normal red cell survival 
time in the presence of moderate anemia, at the 
other are patients with a rather striking hemolytic 
process. In all instances splenomegaly was 
marked. 

Examples of ferrokinetic data in a group of 
patients with these disorders are presented in the 
table. Case vu is an example of a patient with 
chronic myelogenous leukemia in whom the 
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Fic. 4. The survival time of Cr*!-tagged red cells is plotted in a group of patients 
with myeloproliferative diseases. The radioactivity remaining in the circulating 
red cells is expressed as percentage of that okserved five hours after injection. The 
normal values for disappearance of half the activity are noted as normal T}4. 
The hematocrit at the time of the study is noted on each curve. 
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Fic. 5. The radioactivity observed over the indicated sites after injection of plasma-bound 
radioactive iron is plotted according to time and days. Radioactivity is expressed as counts per 
minute corrected for physical decay. A is Case vu. In this figure there is immediate concentra- 
tion of radioactivity over the spleen without subsequent discharge. B, Case xu, demonstrates 


normal uptake and release by marrow with increasing activity over the heart. 


etiology of the anemia was complicated by 
bone marrow depression possibly related to pro- 
longed therapy with Myleran.®* The depres- 
sion of erythropoiesis, as evidenced by plasma 
and red cell iron turnover, was profound. This 
was further documented by surface monitoring 
which revealed deposition of the iron in the liver 
and lack of bone marrow uptake without 
evidence of ectopic erythropoiesis in the spleen. 
In contrast to this, a patient with ‘‘agnogenic”’ 
myeloid metaplasia. (Case viit), was found to 
have a very active red cell iron turnover; how- 
ever, in spite of the elevation of these values 
above normal in this case, anemia was present. 
This is explained by the fact that the patient 
had a severe hemolytic process, documented by 
a simultaneous Cr'*!-erythrocyte survival half- 
time of seven days. The patient had very 
marked splenomegaly, and surface monitoring 
revealed splenic uptake suggesting active eryth- 
ropoiesis in this organ. (Fig. 5A.) In this figure 
it is noteworthy that the radioactivity which was 
concentrated in the splenic area as it disap- 
peared from the plasma remained there through- 
out the course of experiment; this suggests two 
possibilities: first, that intrasplenic erythropoiesis 
may have been occurring, with immediate 
sequestration and destruction of the newly 
formed cells, or second, that the red cells may 
have been released into the circulation only to 
reaccumulate in the spleen and to be destroyed 
there. Possibly both processes were at work. 
Splenic radiation in this patient was associated 
* 1:4 Dimethone sulphony] oxybutane. 
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with a decline in hematocrit and in reticulocyte 
count as well as in leukocytes, suggesting 
depression of erythropoiesis by this therapy. In 
another patient with myeloid metaplasia (Case 
1x) there also was ferrokinetic evidence of 
increased red cell iron turnover, and surface 
monitoring revealed activity consistent with 
intrasplenic erythropoiesis. Simultaneous red cell 
survival studies again demonstrated hemolysis, 
the red cell Cr®! half-time being seven days. 
In Case x, an instance of chronic myelogenous 
leukemia, the ferrokinetic data are similar, 
except for the decreased percentage of labeled 
plasma iron reappearing in the circulation. 
Monitoring revealed this iron to be in both liver 
and spleen for the duration of the study, prob- 
ably at least in part reflecting extramedullary 
hematopoiesis with superimposed hemolysis. 
Polycythemia vera may show various patterns. 
In Case x, a patient with polycythemia vera and 
a normal white count associated with immature 
myeloid and erythroid cells in the peripheral 
blood and marked splenomegaly, the iron turn- 
over was strikingly increased. In this patient the 
erythropoietic activity compensated for prema- 
ture red cell destruction, and high normal red 
cell values were maintained. External monitor- 
ing during these studies revealed two sites of 
erythropoiesis, the spleen and the bone marrow, 
but technical limitation of these observations 
made it impossible to say which was the more 
effective erythropoietic organ. The effects of 
therapy in polycythemia vera are demonstrated 
in Case x1, a patient with polycythemia vera 
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controlled by P*?. The iron turnover values 
noted are within normal limits, and surface 
monitoring revealed normal uptake and dis- 
charge of the Fe®® (Figure 5B). 

Thus, as a rule in these syndromes the ability 
of the marrow to produce compensatory eryth- 
ropoietic response determines the degree of 
anemia. In myeloproliferative disease, extra- 
medullary erythropoiesis may play a significant 
part in this response. 


COMMENTS 


Cases are described in this report in which 
hemolytic anemia or refractory anemia was the 
most pronounced abnormality apparent before 
clear evidence of leukemia was available. 
It is well known that leukemic disease may first 
manifest itself as anemia or pancytopenia, and 
preleukemic states have been reported in which 
the clinical picture is either that of aplastic 
anemia or the opposite extreme, that of acquired 
hemolytic anemia associated with increased 
erythropoietic activity [2-6]. Such preleukemic 
cases often present many problems in diagnosis. 

More commonly, anemia occurs when the 
underlying disease is already obvious. In overt 
malignant lymphoma and_ leukemia, both 
hemolysis and marrow insufficiency may play a 
role in the pathogenesis of anemia. Red cell 
survival studies in a series of patients with these 
diseases have demonstrated that there is usually 
mild hemolysis [7-9] and with the use of Fe®® 
a relative marrow erythropoietic insufficiency 
has been demonstrated in similar cases [8,70,77]. 
Anemia in other forms of malignancy has also 
been investigated and here, too, it is suggested 
that the anemia is out of proportion to the 
anatomic involvement and stems from mild 
hemolysis together with relative marrow insuffi- 
ciency [72-74]. 

Serological evidence of immunohemolysis has 
been obtained in a number of cases of lymphatic 
leukemia and lymphoma; the general subject 
has been reviewed by Rosenthal [75]. The 
postulated close relationship between lymphatic 
disease and gamma globulin production allows 
speculation concerning a possible source of these 
abnormal proteins. Experiments of Pirofsky [76] 
suggest that the malignant lymphocyte could be 
a source of a hemolysin or an agglutinin and 
thereby lead to premature destruction of the 
red cells. Crosby et al. [77] have demonstrated in 
vitro an abnormal hemolytic system associated 


with malignant disease. Whether such factors 
have in vivo significance is not established. 

Occult hemolytic anemia without evidence of 
serological abnormality is a much more com- 
mon complication [7—9,72,74,76,79|, and in such 
instances the degree of hemolysis can be docu- 
mented only by observations of red cell survival 
or inferred from caiculation of red cell renewal 
rates using Fe**. The findings in our series of 
patients confirm the reports that hemolysis 
of mild or moderate degree is frequent in both 
lymphatic and myeloid disease. The relation of 
the hemolytic tendency to splenomegaly has 
been stressed [7] but the association is not in- 
variable. In this series hemolysis was observed 
in the absence of a palpable spleen. 

The observations of red cell survival and iron 
turnover in this group of patients makes it clear 
that the capacity of the marrow to respond deter- 
mines the degree of anemia. At one extreme are 
the cases of acute leukemia with marrow infiltra- 
tion and probably almost complete replacement 
by leukemic tissue, resulting in relatively com- 
plete cessation of erythropoiesis and an anemia 
which could be designated as primarily aplastic. 
Only when treatment affects the underlying 
disease by inhibition of the leukemic or lym- 
phomatous process does erythropoietic function 
return. Of more complex etiology is the anemia 
due to marrow hypofunction unexplained by 
anatomic replacement. One might postulate 
both the aplasia and leukemia to be the result 
of action of toxins, chemical, physical or other, 
to which the myeloid tissue has been exposed in 
the past. However, accurate documentation of 
such exposure is usually impossible. Such pa- 
tients are extremely resistant to all forms of 
therapy. 

At the other extreme, as pointed out in this 
study, are cases in which hemolysis was present 
and yet increased erythropoiesis enabled the 
patients to maintain normal or almost normal 
hemoglobin levels. This was seen in the early 
stages of both myeloid and lymphatic disease. 

In myeloproliferative syndromes the disease 
process alone may explain hypofunction of the 
marrow on the basis of myelofibrosis, a common 
accompaniment of myeloid metaplasia. It 
should be noted that in one patient the anemia 
progressed rapidly after splenic radiation. This 
effect seemed to be explained by depression of 
splenic erythropoiesis in a patient with inade- 
quate myeloid tissue, although a_ possible 
systemic effect of local splenic radiation cannot 
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be excluded. There is, however, abundant 
evidence to support the view that ectopic splenic 
erythropoiesis in this syndrome is not simply 
compensatory, and the ability of a seemingly 
hypofunctioning marrow to produce red cells 
after splenectomy is unpredictable [20-22]. 

In the case of myeloid leukemia, the striking 
hypofunction of the marrow associated with 
pathological evidence of marrow hypoplasia 
followed therapy with Myleran, and may have 
been due to the toxic effect of this drug on the 
marrow. A similar case has recently been 
described by Unugar, Schulman and Dameshek 
[23]. However, patients with chronic myelog- 
enous leukemia untreated with chemotherapeu- 
tic agents have been found at autopsy to have 
myelofibrosis and myelosclerosis. 

Thus, the anemia noted in malignant 
lymphoma, leukemia and myeloproliferative 
disorders is due to the combined circumstances 
of hemolysis and inability of the marrow to 
compensate fully for this. While marrow 
insufficiency is often explained simply by 
anatomic replacement, it may occur in the 
absence of any infiltrative process and thus 
apparently be related to the more subtle bio- 
chemical alteration of factors which govern 
erythropoiesis. 

The success of therapy for the anemia in 
these disorders usually depends on the effec- 
tiveness of control of the underlying disease. 
However, occasionally hemolysis is very marked, 
demanding treatment directed primarily at this. 
Corticoids may give temporary control in such 
instances; rarely, splenectomy has been at- 
tempted and found effective [24-27]. When 
the clinical picture is that of hypoplastic 
anemia, therapeutic attempts to stimulate 
erythropoiesis have been ineffective and trans- 
fusion therapy has been the only means of 
treatment. 


SUMMARY 


This investigation into the mechanism of 
anemia in leukemia, malignant lymphoma and 
myeloproliferative disorders has shown that a 
hemolytic process is frequently present. The 
erythropoietic response of the bone marrow 
to anemia in these circumstances is variable. 
Diminished erythropoiesis is usually explained 
by replacement of the marrow by malignant cell 
proliferation but in some cases the mechanism of 
marrow hypofunction can not be adequately 
established. 


JANUARY, 1960 


Unless the underlying disease process can be 
controlled by chemotherapy or other measures, 
the treatment of anemia in these malignant 
and myeloproliferative disorders is usually 
unsatisfactory, and recourse must be had 
chiefly to transfusion therapy. 
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Review 


The Pathologic Physiology of Chronic 


Bright’s Disease 


An Exposition of the “Intact Nephron Hypothesis” 


NEAL S. BrRICKER, M.D., PETER A. F. Morrin, M.B., B.cCH. and S. WESLEY KiME, JR., M.D. 


HE course of advancing chronic renal disease 
Tis characterized by the development of a 
constellation of clinical, biochemical and physio- 
logic derangements. These derangements may 
ultimately involve many organs and organ 
systems; however, the fundamental event under- 
lying their development is the progressive de- 
struction of nephrons. Although the causal 
relationship between intrinsic renal disease and 
the complex abnormalities of the uremic state 
was recognized by Bright more than twelve 
decades ago [7], the precise nature of the events 
leading from the initial destruction of nephrons 
to the picture of terminal uremia is yet to be 
fully understood. Until it becomes possible to 
prevent the various forms of chronic renal 
disease or to interrupt their inexorable progres- 
sion, a major requisite to effective concepts of 
therapy is the clarification of the sequential 
events in pathologic physiology. In this regard 
it is essential to define clearly the functional 
capacity, range of operation and limitations of 
the diseased kidney. The present discussion con- 
sists of a review of recent experimental observa- 
tions relating to these considerations. 


THE TERM, “‘CHRONIC BRIGHT’S DISEASE”’ 


The observations of Bright, establishing the 
relationship between chronic renal disease and 
the clinical abnormalities of the uremic state [7], 
may well be regarded as the beginning of the 
modern era of the study of diseases of the kidney. 
It seems appropriate, therefore, that the term, 
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chronic Bright’s disease, is generally employed 
(and will so be used in the present discussion) as 
a generic expression for all the chronic patho- 
logic disorders of the kidney that lead to progres- 
sive renal failure. In this context the term 
assumes conceptual as well as historic signifi- 
cance, for it tends to group together a number of 
diseases of diverse etiology, differing pathogene- 
sis and widely varying pathologic character- 
istics. A singular term implies the existence of 
a common denominator in these disease entities 
which supersedes their differences. There is now 
abundant evidence, both clinical and experi- 
mental, to support the view that the many dif- 
ferent forms of chronic renal disease may give 
rise to the same pattern of chemical and 
functional derangements, the evolution of which 
relates principally to the rapidity and extent 
of nephron destruction. Although in certain 
instances specific alterations in function may 
correlate with involvement of a particular site 
of the nephron,f the major parameters of func- 
tion are similar in all forms of chronic Bright’s 

+ Several examples of these exceptions may be cited: 
(1) During the natural history of chronic glomerulone- 
phritis, lupus nephritis and certain other chronic renal 
diseases, a marked increase in glomerular permeability to 
protein may result in the evolution of a nephrotic syn- 
drome. (2) Acute glomerulitis (e.g., secondary to an 
acute exacerbation of chronic glomerulonephritis, 
malignant hypertension, etc.) may modify glomerular 
tubular balance in the residual functioning nephrons of 
the diseased kidney and evoke corresponding functional 
changes. (3) A number of disease entities exist in which 
disproportionate involvement of one or more specific 
tubular functions may dominate the clinical picture [2]. 


* From the Department of Medicine (Renal Division), Washington University School of Medicine, St. Louis, 
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disease, and in general the more advanced the 
pathologic process becomes, the less evident are 
the differentiating features. From the functional 
point of view, therefore, consideration of the 
various forms of chronic renal disease as mem- 
bers of a unified group serves to emphasize the 
fact that the evolution of abnormalities is in 
most instances independent of etiology or details 
of morphologic change; moreover, it suggests 
that the functional capacity of the residual nephrons 
of the diseased kidney is largely independent of the 
specific form of renal disease. Accordingly, in the 
present discussion, concepts of pathologic physi- 
ology will be considered without systematic 
reference to the etiology of the underlying renal 


disease. * 


THE FUNCTIONAL CAPACITY OF THE DISEASED 
KIDNEY 


General Considerations. In the normal subject 
the renal contribution to homeostasis is shared 
by approximately 2 million nephrons. In chronic 
Bright’s disease the total nephron population 
diminishes progressively. Interpretation of the 
contribution to homeostasis must therefore in- 
volve two considerations: one, the consequences of 
nephron destruction and two, the functional capacity of 
the persisting nephrons. The decrease in the number 
of nephrons is clearly responsible for many of the 
abnormalities that develop in the patient; 
the persisting nephrons permit the patient to 
survive. 


THE CONSEQUENCES OF NEPHRON DESTRUCTION 


Because the over-all functional capacity of a 
kidney relates to the total number of intact 
functioning nephrons, the ablation of nephrons 
has definite and predictable consequences. 

The Increasing Demands on the Residual Nephrons. 
As the number of constituent nephrons de- 
creases, each residual nephron must perform a 
greater fraction of total renal function. If balance 
of any specific solute is to be maintained (and 
retention in body fluids avoided) on a constant 
intake, the quantity excreted by each nephron 
must increase as the total population of func- 
tioning nephrons decreases. The facility with 


*Such a unified approach in no way minimizes the 
importance of recognizing the differentiating features in 
etiology, pathogenesis and pathologic characteristics. 
However, a discussion of these considerations is beyond 
the scope of the present paper. 


which this is accomplished varies with the nature 
of the particular mechanism responsible for renal 
excretion. 

Substances excreted by active transport mechanisms: 
Balance and plasma concentrations of solutes 
which are either secreted or reabsorbed by active 
tubular transport mechanisms may be main- 
tained within normal limits only if the rate of 
transport per nephron is altered as the number of 
nephrons contributing to function diminishes. 
For substances which are excreted principally by 
tubular secretion, constancy of body fluid levels 
demands an increased secretory rate per neph- 
ron. For substances which are actively reab- 
sorbed, reabsorption per nephron must decrease 
if balance is to be maintained on a given intake. 
For the majority of transport systems thus far 
studied, appropriate adaptive changes in excre- 
tion occur, and abnormalities in body fluid 
concentrations of the specific solutes are mini- 
mized or, in some instances, prevented until the 
late stages of chronic Bright’s disease. Examples 
of two such adaptations may be cited. 

Potassium is excreted principally by tubular 
secretion [3]. On any given dietary intake of 
potassium each nephron in the normal kidney 
must excrete approximately 1 two-millionth 
of the total quantity. In the patient with only 
200,000 functioning nephrons, all other factors 
remaining constant, the same potassium intake 
demands that each nephron increase its excre- 
tion rate by tenfold. The diseased kidney must 
therefore function at a level that the normal 
kidney is called upon to achieve only rarely. This 
is ordinarily achieved, and hyperkalemia is an 
infrequent occurrence until the terminal stages 
of chronic Bright’s disease [4]. 

Phosphate represents a substance which is 
reabsorbed by an active tubular transport 
mechanism [5,6]. In the normal subject ap- 
proximately 85 to 90 per cent of the filtered 
phosphate is reabsorbed and the amount 
excreted is balanced with intake and metabolic 
needs so as to maintain constancy of plasma 
phosphorus concentrations. As the nephron 
population (and hence total glomerular filtra- 
tion rate [GFR]) diminishes, the filtered load of 
phosphate falls in parallel. Were the transport 
mechanisms to continue to reabsorb 85 to 90 per 
cent of the filtered phosphate, excretion would 
decrease progressively and retention of phos- 
phate would occur early in the course of chronic 
Bright’s disease. (At a filtration rate of 50 ml./ 
minute and a plasma phosphate level of 4 mg. 
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per cent, reabsorption of 85 per cent of the 
filtered load would permit excretion of approxi- 
mately 450 mg./day rather than the 700 to 
800 mg. required to maintain balance on a 
normal diet.) However, phosphate reabsorption 
in the residual nephrons does not remain con- 
stant but decreases in a manner so precise as to 
allow a diminished number of nephrons to con- 
tinue to maintain phosphorus balance. Plasma 
phosphate concentrations may remain normal 
until the filtration rate falls as low as 25 ml./ 
minute [7]. At this level of renal function ap- 
proximately 50 per cent of the filtered phosphate 
must be excreted in order to preserve normal 
plasma levels. At lower levels of GFR suppres- 
sion of reabsorption is not sufficiently great to 
prevent phosphate retention on a normal phos- 
phorus intake.* Thus hyperphosphatemia ulti- 
mately appears, but only after the nephron 
population is markedly reduced. 

Substances excreted by glomerular filtration: For 
substances which are excreted predominantly 
by glomerular filtration, without the interven- 
tion of active transport mechanisms, a decrease 
in the number of nephrons must result in reten- 
tion in body fluids if the rate of acquisition 
remains constant. This is illustrated by the 
progressive rise in plasma concentrations of two 
end products of metabolism, urea and creatinine. 
Both substances enter body fluids at a rela- 
tively constant rate in normal and uremic sub- 
jects if the dietary intake and cellular catabolism 
remain constant. The major determinant of the 
amount excreted is the glomerular filtration 
rate. Thus the total amount entering the func- 
tioning nephrons (i.e., the filtered load) repre- 
sents the product of the plasma concentration 
times the glomerular filtration rate. In a person 
with normal kidneys, plasma levels remain 
essentially stable over prolonged periods by 
virtue of the fact that the amount excreted each 
day equals the amount acquired. In the patient 
with chronic Bright’s disease, each period of 
nephron destruction is accompanied by a cor- 
responding decrease in total glomerular filtra- 
tion rate.f The filtered load of urea or creatinine 
is thereby decreased, and this in turn results in a 
decrease in the total amount excreted. With a 

* At a filtration rate of 10 ml./minute and a plasma 
phosphate concentration of 4 mg. per cent, the excretion 
into the urine of 100 per cent of the filtered phosphate 
would equal only 575 mg./twenty-four hours. 

+ The possibility that GFR per residual nephron may 
increase as an adaptive change in the diseased kidney will 
be discussed in a subsequent section. 
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constant rate of production and a decreased 
rate of excretion, retention is an inevitable 
consequence. 

As the plasma levels rise the filtered load enter- 
ing each residual nephron increases until ulti- 
mately the rate of excretion again equals the 
rate of production. At this point a new steady 
state is established and plasma levels will 
stabilize (although at a higher than normal 
level) until additional destruction of nephrons 
causes a further decrease in the total filtration 
rate. If nephrons are destroyed continuously, 
urea and creatinine concentrations rise progres- 
sively. If nephron destruction is intermittent, 
the rise occurs in a step-wise pattern. 

The effects of nephron destruction on the 
patterns of excretion of other substances (princi- 
pally sodium chloride and water) will be con- 
sidered in detail subsequently. 

The Decreased Range of Excretion. A second 
major consequence of the destruction of neph- 
rons is a decrease in the range of excretion for 
any given substance. Although each individual 
nephron in the diseased kidney may be capable 
of increasing or decreasing the excretion rates of 
specific solutes or of water in response to the 
needs of the patient, the absolute change in 
excretion rates is determined by the product of 
the change per nephron times the total number of 


functioning nephrons. Hence, the fewer the remain- 


ing nephrons, the smaller will be the range over 
which excretion rates of any substance may 
vary. The upper limit of excretion for all sub- 
stances will be decreased. Moreover, because of 
the adaptive changes that enable a decreased 
number of nephrons to excrete relatively normal 
amounts of sodium, chloride and water for long 
periods (these will be considered subsequently), 
the ability to decrease excretion rates is also 
restricted. Thus the lower limit of excretion is 
above that of the normal subject, and an obliga- 
tory renal excretion of salt and water may con- 
tinue despite an inadequate intake and/or loss of 
body fluids through sweating, vomiting or 
diarrhea. * 

It is apparent that the functional capacity of 
the residual nephrons of the diseased kidney 
determines the degree to which homeostasis is 
preserved. It thus becomes essential to examine 
in detail the quantitative aspects of renal func- 
tion of the diseased kidney. 

* The concept of an upper and lower limit of excretion 


rates has been admirably developed and discussed by 
Talbot and associates [8,9]. 
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THE FUNCTIONAL CAPACITY OF THE SURVIVING 
NEPHRONS OF THE DISEASED KIDNEY 


A Statement of Conflicting Views. ‘The degree to 
which function is preserved in the persisting 
nephrons of the chronically diseased kidney has 
become the subject of much controversy. Per- 
haps the most widely held view is that morpho- 
logic disorganization of the renal parenchyma 
results in extensive abnormalities in intrinsic 
renal functions. Specific functional limitations in 
the diseased kidney (e.g., inability to concentrate 
and dilute urine, inability to excrete a sodium- 
free urine, and the like) are generally attributed 
to anatomic involvement of active sites in the 
persisting nephrons. Within recent years an 
increasing amount of evidence has accrued 
which seriously challenges this concept. The 
observations from many sources suggest that 
the surviving nephrons of the diseased kidney largely re- 
tain their essential functional integrity. Accordingly, a 
thesis diametrically opposite to the conventional 
view has arisen. According to this thesis the 
nephrons in the diseased kidney are reduced in 
number but possess essentially normal functional 
characteristics. The limitations of the diseased 
kidney would therefore relate not to intrinsic 
functional defects but rather to a predictable 
series of events that evolve when a decreasing 
population of relatively normal nephrons must 
maintain homeostasis. 

Resolution of this conflict has important prac- 
tical implications. If the functional systems of the 
diseased kidney deteriorate in a chaotic manner 
any attempts to develop a unified concept of 
pathologic physiology and to derive therefrom a 
rational therapeutic program would be com- 
plicated, perhaps hopelessly so. However, if the 
surviving nephrons in the diseased kidney are 
basically intact, a clear definition of the capacity 
and range of operation of these units at any 
given stage of chronic renal disease may permit a 
formulation of sound principles of therapy. 


THE “SINTACT NEPHRON” HYPOTHESIS 


A number of investigators in the past have 
alluded to the possibility that the persisting 
nephrons in the diseased kidney are functionally 
intact. In 1939 Hayman and co-workers [70] 
demonstrated that removal of one _ intact 
kidney and one-third of the other kidney in the 
dog is associated with the development of 
polyuria and relative inability to concentrate the 
urine. They emphasized that isosthenuria may 


develop in the absence of abnormalities in the 
renal epithelial cells and suggested that the latter 
need not be invoked to explain the isosthenuria 
of chronic renal disease. Platt [77] has defended 
vigorously the concept that the residual func- 
tioning nephrons may be capable of normal 
activities. Moreover, he has suggested that as the 
renal mass (and therefore the number of remain- 
ing nephrons) diminishes, the persisting units 
may undergo functional adaptations that en- 
hance their ability to defend the integrity of 
body fluids. More recently many other in- 
vestigators, including Merrill [72,73], Welt [74], 
Rosenheim [75] and Strauss [76] have supported 
the thesis that the remaining nephrons of the 
chronically diseased kidney may retain many 
normal functional characteristics. 

The diseased kidney behaves in an orderly and 
predictable manner. During periods of relative 
stability (i.e., when nephrons are not being de- 
stroyed rapidly) the patient with advanced renal 
failure is able to excrete the same amount of 
urea, creatinine, phosphate, sodium, chloride, 
potassium and other solutes as does the subject 
with normal kidneys. For substances which are 
excreted predominantly by filtration and do 
not depend upon active tubular transport 
processes, increased plasma levels alone will 
account in large part for the normal excretion 
rates. However, for substances which are 
handled by active tubular transport mechanisms, 
normal excretion by a decreased number of 
nephrons demands. a high degree of functional 
efficiency. 

Until recently precise definition of the func- 
tional capacity of the nephrons of the diseased 
kidney has been hampered by a number of 
technical obstacles. Among these, three have 
been of major importance. First, it has rarely 
been possible to relate data from the patient 
with chronic Bright’s disease to control observa- 
tions from the same subject. Because of this it has 
been necessary to compare values for renal func- 
tion in patients with control values derived from 
normal subjects. Second, it has been difficult to 
establish the true relationship between clearance 
values and specific renal functions in the severely 
diseased kidney. The possibility that nephrons 
with intact glomeruli may have damaged 
tubules which permit inulin or creatinine to 
back-diffuse, or that nephrons with contracted 
glomeruli have intact tubules which secrete 
PAH normally, has not been definitely excluded 
because of the lack of appropriate control meas- 
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urements. Third, certain of the chemical changes 
in the uremic patient, in particular the high 
plasma urea levels, may influence renal function 
in such a way as to interfere with assessment of 
the inherent ability of tubular transport systems. 

Recently an experimental model has been 
employed which appears to obviate these 
technical difficulties [77-25]. Experiments have 
been performed on dogs with experimentally 
induced chronic renal disease. In each animal 
the renal lesion was induced in a single kidney 
and the contralateral organ was maintained in- 
tact. By virtue of a surgical procedure which 
allows the formation of two separate and perma- 
nent urinary bladders, the individual kidneys 
may be studied simultaneously and serially. 
Observations obtained before the induction of 
the unilateral lesion provide the required base- 
line data. In all studies performed after induc- 
tion of the lesion the functions of the diseased 
kidney may be compared with those of a normal 
organ subjected to identical environmental 
conditions and extrarenal stimuli. This com- 
parison has two advantages: (1) It permits a 
quantitative assessment of the integrity of a 
variety of renal functions in the diseased kidney; 
and (2) it provides a means of objectively ap- 
praising the validity of clearance values ob- 
tained from the diseased kidney.* Finally, 
because the combined bilateral nephron popula- 
tion must always exceed 50 per cent of the 
original number, urea levels are maintained near 
the normal, and other chemical and physiologic 
abnormalities characteristic of the uremic state 
are minimized. It thus becomes possible to 
study the diseased kidney in an essentially 
normal internal environment. 

If the conventional view is correct, morpho- 
logic derangements of the persisting nephrons 
should result in abnormalities of function in the 
diseased kidney irrespective of the presence of an 
intact kidney or of the status of body fluids. 
However, if the intrinsic functional capacity 
is preserved, the capabilities of nephrons 
of the diseased kidney should remain comparable 
to those of the intact organ. 


* This appraisal is permitted by analysis of: (1) the 
reproducibility of clearance values for the diseased kidney 
under steady-state conditions; (2) the patterns of change 
in the diseased kidney as compared with the normal kid- 
ney during changing experimental conditions; and 
(3) the relationship between clearance ratios (e.g., 
GFR/ERPF, GFR/Tmpag, etc.) for the diseased 
versus the normal kidney in serial studies under a variety 
of experimental conditions. 
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Fic. 1. Serial measurements of glomerular filtration rate 
(GFR) and effective renal plasma flow (ERPF) for three 
representative dogs, each with a different type of uni- 
lateral renal disease. Closed circles = diseased kidney; 
open circles = normal kidney. 


Three different forms of chronic renal disease 
have been studied: (1) a chemically induced 
lesion, aminonucleoside-nephritis [78]; (2) anti- 
kidney serum glomerulonephritis [79]; and 
(3) pyelonephritis [20]. All three lesions resulted 
in marked contraction of the renal mass and in 
severe architectural distortion of the persisting 
nephrons. The variation in the site of the neph- 
ron principally involved and in the extent of 
involvement created a spectrum of anatomic 
derangements analogous to that seen in the 
various forms of chronic Bright’s disease. 

The induction of disease, irrespective of the 
type, was associated with an absolute decrease 
in values for all renal functions in the experi- 
mental kidney. A representative set of measure- 
ments of glomerular filtration rate and renal 
plasma flow in three dogs, each with a different 
form of renal disease, is shown in Figure 1. The 
decrease in values implies that the number of 
functioning nephrons has decreased. The critical 
considerations, however, concern the functional 
capacity of the remaining nephrons. The experi- 
mental observations which have a direct bearing 
on this issue are presented in the following 
paragraphs. 

The Relationship Between Glomerular and Tubular 
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Fic. 2. Closed circles and bars = diseased kidney; open 
circles and bars = normal kidney. A, serial measure- 
ments of filtration fractions for the separate kidneys of 
three individual dogs. B, the ratio of GFR to Tm,,, 


for normal and diseased kidneys of three representative 
dogs. C, GFR/Tm,,,, 6.0 ratios for three dogs, each with 


a different type of unilateral renal disease. 


Function in the Diseased Kidney. It has frequently 
been contended that the residual nephrons of 
the diseased kidney may include (1) units in 
which the glomeruli are largely destroyed but in 
which the tubules retain functional ability (aglo- 
merular tubules) and (2) units in which the 
glomeruli have normal filtering capacity but are 
attached to damaged tubules that serve largeiy 
as conduits which transport the glomerular 
filtrate in an essentially unmodified form into the 
urine (atubular glomeruli). That neither of these 
anomalies exists in the diseased kidney in the 
experimental animal is suggested by the fol- 
lowing observations in which the relationships 
between glomerular and tubular function in the 
diseased organ are contrasted with those in the 
intact kidney. 

Filtration fractions: The filtration fraction 
provides a measurement of the volume of 
glomerular filtrate formed per unit of effective 


renal plasina flow. If there is a detectable popu- 
lation of relatively aglomerular tubules in the 
diseased kidney, filtration fractions will be less for 
the diseased than for the intact kidney. Con- 
versely an appreciable number of atubular 
glomeruli would result in abnormally high filtra- 
tion fractions for the diseased organ. 

In Figure 2A serial measurements of filtration 
fractions are shown for three representative dogs 
with unilateral renal disease. The values for the 
diseased kidneys are compared with those 
simultaneously obtained for the intact organs 
over periods up to eight months. The compara- 
bility of vaiues for the individual kidneys of each 
dog, at any given time, is striking. This observa- 
tion is inconsistent with the presence of an 
appreciable number of anomalous nephrons. 

GFR/Tmpaun ratios: The secretion of para- 
aminohippurate (PAH) occurs in the proximal 
tubule and is limited by a maximal rate of 
transport (Tmpayg) [5]. By comparing glo- 
merular function (GFR) with Tmpag it is 
possible to examine a functional relationship 
between glomeruli and their attached tubules. 

In Figure 2B the ratios of glomerular filtra- 
tion rate to Tmpay are shown for the diseased 
and normal kidneys of three representative dogs. 
The values for the individual kidneys of each 
dog are essentially equal. These observations 
indicate that the relationship of the filtering 
capacity to the tubular secretory capacity is the 
same in the nephrons of the diseased kidney 
as in those of the normal kidney. This, then, 
represents another point in evidence against the 
existence of anomalous nephrons. 

GFR/Tm glucose ratios: The maximum rate of 
glucose reabsorption may also be employed as a 
reflection of tubular function, and the ratio of 
GFR to Tmgucose provides another means of 
comparing glomerular with tubular function. 
In Figure 2C ratios for GFR/Tmgycose are 
shown for the separate kidneys of three dogs with 
unilateral renal disease. In each instance the 
values for the normal and diseased kidney are 
essentially the same. These data thus provide 
additional evidence against the anomalous 
nephron thesis. 

The Homogeneity of the Nephron Population in the 
Diseased Kidney. It has long been contended 
that the morphologic changes in the residual 
nephrons of the diseased kidney convert a 
relatively homogeneous population of nephrons 
into a heterogeneous group characterized by a 
spectrum of functional disorders [26,27]. One 
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method for evaluating the homogeneity of the 
nephron population consists of the measurement 
of glucose excretion during progressively rising 
plasma glucose concentrations [28,29]. The 
rationale for.employing this technic, the glucose 
titration curve, in the dog with unilateral renal 
disease is as follows: If there is a greater degree of 
heterogeneity in the diseased kidney than in the 
normal organ discrepancies should emerge in the 
respective patterns of glucose excretion. In 
nephrons with normal glomeruli and impaired 
proximal tubules, filtered glucose should be 
poorly reabsorbed and glucose should appear in 
the urine at relatively low plasma concentra- 
tions. Conversely, in nephrons with damaged 
glomeruli but normal tubules (hence a decreased 
GFR/nephron) the amount of filtered glucose 
might remain less than the reabsorptive thresh- 
old of the attached tubules until extremely high 
plasma concentrations are obtained. Glucose 
reabsorption would then continue in the diseased 
kidney long after the Tm for the normal organ 
had been reached. The simultaneous existence 
of both forms of abnormal nephrons could also be 
detected. Glucose would appear in the urine of 
the diseased kidney before it does in that of the 
normal kidney, and glucose reabsorption would 
continue in the diseased kidney after the thresh- 
old had been reached for the intact organ. 

Glucose titration curves have recently been 
obtained for animals with unilateral renal dis- 
ease [23]. In Figure 3A a representative glucose 
titration curve is shown for a dog with a severe 
renal lesion in one kidney. Glucose concentra- 
tions were gradually increased from 120 mg. 
per cent to 840 mg. per cent. It may be seen that 
glucose reabsorption was complete in the dis- 
eased as well as in the intact kidney until the 
respective Tm’s were reached. Moreover, once 
the filtered load of glucose exceeded the Tm 
level, no increment of glucose reabsorption 
occurred in either kidney. Finally, it may be seen 
(Fig. 3B) that Tm was reached at essentially the 
same plasma glucose concentration in the dis- 
eased as in the normal kidney. 

These results lend strong support to the 
‘intact nephron hypothesis.”? The inability to 
demonstrate any degree of functional hetero- 
geneity in the diseased kidney suggests that 
nephrons which are markedly damaged may be 
lost from the population of functioning nephrons, 
whereas nephrons that continue to operate 
retain a remarkably uniform relationship be- 
tween glomerular and tubular function. To 


JANUARY, 1960 


A. GLUCOSE TITRATION CURVES 


© = Diseased Kidney 
© * Normal Kidney 


0.6 0.8 1.0 L2 14 1.6 18 2.0 


B. PERCENTAGE OF FILTERED LOAD OF GLUCOSE REABSORBED 
oe ee 


Diseased Kidney 
Normal Kidney 


100 200 300 400 500 600 70 800 900 1000 
PLASMA GLUCOSE CONCENTRATION (mg,.%) 

Fic. 3. A, glucose titration curves for the diseased and 
normal kidneys of a representative dog with unilateral 
glomerulonephritis. ““T”’’ refers to the rate of tubular 
reabsorption of glucose and ‘“‘L”’ to the filtered load of 
glucose. Both terms have been factored by the respective 
Tm values for the separate kidneys. The reabsorption of 
glucose is complete by both kidneys until the load is 
equal to the Tm, following which reabsorption remains 
essentially constant. B, the percentage of filtered load of 
glucose which is reabsorbed is plotted against the plasma 
glucose concentration in milligrams per cent. Both 
kidneys reabsorbed 100 per cent of the filtered glucose 
until the load approximated the Tm, following which an 
increasing fraction of the filtered glucose was excreted 
bilaterally. It may be noted that the excretion of glucose 
into the urine began at approximately the same plasma 
glucose concentration in both kidneys. 


evaluate further the integrity of the persisting 
nephrons of the diseased kidney a number of 
other parameters of function must be examined. 

Concentration and Dilution. Loss of the ability 
to concentrate the urine followed ultimately by 
impaired ability to dilute the urine are among 
the most characteristic features of chronic 
Bright’s disease. These apparent abnormalities 
in renal function have long been attributed to 
destruction of the tubular sites for the con- 
centrating and diluting operations. However, no 
experimental confirmation for this thesis has 
appeared, and there now are certain considera- 
tions that render the explanation open to 
question. 
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Fic. 4. A, maximum urine/plasma osmolal ratios ob- 
tained following fourteen hours of hydropenia. The black 
bars designate the diseased kidney; the open bars the 
normal kidney. The figures encircled in the bars repre- 
sent the values for glomerular filtration rate for the 
individual kidneys. B, the volumes of solute-free water 
abstracted per 100 ml. of glomerular filtrate during the 
infusion of mannitol and Pitressin are shown for the 
diseased and normal kidneys of a representative animal. 


Recent observations by Wirz [30], Berliner 
and co-workers [3/7], and Gottschalk and 
Mylle [32] have demonstrated that the produc- 
tion of a concentrated urine in the normal 
kidney depends upon (1) the elaboration of a 
hypertonic fluid in the medullary interstitial 
spaces by the reabsorption of solute (principally 
sodium) in the loop of Henle; (2) the diffusion 
of water out of the distal convolution, under the 
influence of ADH, resulting in an isotonic urine 
entering the collecting duct; and (3) the 
subsequent diffusion of water across the col- 
lecting duct into the hypertonic medullary 
interstitium. The vasa recta also play an 
important role in the concentrating mechanism. 
By virtue of a counter-current exchange 
operating between the two limbs of the hairpin 
capillary loop, the effective medullary blood flow 
is markedly diminished and dissipation of the 


hypertonicity of the interstitium by exchange 
with the plasma is thereby minimized. Osmotic 
equilibrium is ultimately established between 
the vasa recta, the medullary interstitial fluid 
and the urine in the collecting duct. The 
production of a dilute urine, on the other hand, 
appears to be dependent simply upon (1) the 
reabsorption of solute in the loop of Henle and 
distal convolution and (2) the limited permea- 
bility to water of the distal convolution and 
collecting duct in the absence of ADH. The 
reabsorption of solute without proportional 
back-diffusion of water results in a hypotonic 
urine. * 

Theoretically, the impaired ability to con- 
centrate and dilute the urine in chronic Bright’s 
disease could result from anatomic derangement 
of any of the constituent parts of the respective 
mechanisms. However, it is also possible that 
functional adaptations in intact nephrons may be 
largely responsible for the evolution of iso- 
sthenuria in chronic bilateral renal disease. 
Recent experimental observations have been 
obtained which support the latter possibility 
[27,22]. These data are summarized in the fol- 
lowing paragraphs. 

Concentrating capacity: When the animal with 
unilateral renal disease is deprived of water the 
diseased kidney is capable of elaborating urine 
distinctly hypertonic to plasma. In Figure 4A 
values for the maximal urine/plasma osmotic 
ratio are shown for the individual kidneys of 
three representative dogs. In each instance the 
diseased kidney retained the ability to con- 
centrate the urine, although the values were less 
than those for the intact organ. The con- 
centrating capacity may also be examined 
during high rates of solute excretion induced by 
osmotic diuresis. Under these conditions the 
volume of water abstracted from the urine in 
excess of the isotonic equivalent of solute (i.e., 
solute-free water or T°1,0) serves as a measure of 
the efficiency of the concentrating mechanism. 
In Figure 4B maximum values for solute-free 
water abstraction are shown for diseased and 
intact kidneys of a representative dog during in- 
fusion of mannitol and Pitressin.® The values for 
the diseased kidney, expressed as milliliters of 
solute-free water abstracted per 100 ml. of GFR 
(T°y.0/GFR), are within the normal range and, 
moreover, are only slightly less than the 
simultaneous values obtained for the intact 

* A detailed review of these concepts may be found in a 
recent paper by Smith [33]. 
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organ. These observations suggest that the basic 
integrity of the concentrating mechanism in the 
diseased kidney is preserved, and thus provide 
evidence against significant anatomic disrup- 
tion of the constituent parts. This conclusion 
receives further support from studies, to be cited 
subsequently, that indicate that the differences 
between the two kidneys relate in large part to 
reversible functional adaptations. 

Recent studies by Baldwin and co-workers [34] 
provide evidence that the concentrating mecha- 
nism in man is not destroyed by a progressive 
renal lesion. In patients with chronic bilateral 
renal disease, the infusion of mannitol and 
Pitressin revealed values for T°y,9/GFR which 
were frequently within the normal range. In the 
two patients with the most severe renal disease 
(as evidenced by the lowest values for glomerular 
filtration rate) the values for T°y,9 were 3.8 and 
6.1 ml. per 100 ml. of glomerular filtrate. In 
several of the patients the values for solute-free 
water abstraction were below the normal range. 
However, as will be discussed subsequently, this 
does not necessarily imply that the intrinsic 
capacity of the concentrating mechanism was 
destroyed. 

Diluting capacity: In Figure 5A the values for 
minimum osmotic urine/plasma ratios are 
shown for the diseased and normal kidney of 
three representative dogs with unilateral renal 
disease. The diluting ability of the diseased 
kidney, as judged by this parameter, was at 
least equal to the normal kidney, and in many 
instances the diseased kidney elaborated a more 
dilute urine than the normal organ. In Figure 
5B the maximum ability to elaborate solute-free 
water (i.e., free water clearance or Cy.o0) is 
shown for the diseased and normal kidneys of a 
representative dog. Values for the diseased 
kidney, expressed as free water clearance per 
100 ml. of glomerular filtrate (Cy,0/GFR), are 
not only within the normal range but also 
exceed the simultaneous values for the normal 
organ. Recent observations by Kleeman and 
co-workers have confirmed the existence of nor- 
mal values for Cy.o/GFR in human subjects 
with bilateral renal disease [395]. 

The foregoing observations are consistent with 
the thesis that the concentrating and diluting 
mechanisms are inherently intact in the neph- 
rons of the diseased kidney. The development 
of a diminishing ability to alter the tonicity 
of the urine in bilateral renal disease may 
therefore be related principally to functional 


JANUARY, 1960 


A. MINIMUM URINE/PLASMA OSMOLAL RATIOS 


Pyelo- 
nephritis 


Glomerulo- 
nephritis 


Amino- 
nucleoside 


B. MAXIMUM VALUES FOR FREE-WATER 
CLEARANCE /mi. of GLOMERULAR FILTRATE 


12> 


@ = Diseased Kidney 
O = Normal Kidney 
Aminonucleoside Nephritis 
Day 52 
T T T 
2 oy 5 6 
CLEARANCE PERIOD 


Fic. 5. A, minimum urine/plasma osmolal ratios follow- 
ing the administration of 50 to 70 ml./kg. of water and 
5 ml. of absolute alcohol. The values for the diseased 
kidney are shown in solid bars and those for the intact 
kidney in open bars. Values encircled in the bars repre- 
sent glomerular filtration rates for the individual kidneys. 
B, maximum values for free-water clearance per 100 ml. 
of glomerular filtrate are shown for the diseased and 
intact kidneys of a representative dog following water 
loading and alcohol administration. 


changes rather than to anatomic abnormalities 
of the residual nephrons. In considering the 
possible nature of these functional changes, one 
essential concept must be established: A de- 
creasing ability to concentrate and dilute the urine does 
not necessarily imply that the concentrating and 
diluting operations are impaired. It is quite possible 
for the urine to have a relatively fixed osmolality 
(or specific gravity) in the presence of normally 
functioning concentrating and diluting processes 
if the volume of urine passing the active sites is 
large. This concept is illustrated in the following 
paragraph. 

During conditions that promote maximum 
concentration (i.e., hydropenia or administra- 
tion of Pitressin) the urine entering the collecting 
ducts is thought to be isotonic to the plasma [36]. 
From this isotonic solution water back-diffuses 
into the hypertonic medullary interstitium only 
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until the urine comes into osmotic equilibrium 
with the medullary interstitial fluid. When the 
amount of urine flowing through the collecting 
ducts is small, as it typically is when there are 2 
million nephrons sharing a normal excretory 
load, osmotic equilibrium is achieved after the 
back-diffusion of a minimal quantity of water, 
and the urine will be highly concentrated. 
However, when the volume of isotonic urine 
reaching the collecting ducts is large, increasing 
volumes of solute-free water will diffuse into 
the medulla, and osmotic equilibrium will 
occur at a lower osmolality. The larger the 
volume of water diffusing into the interstitial 
fluid, the lower will be the osmolality of the 
final urine.* Thus, the greater the rate of urine flow 
entering the collecting ducts, the less the concentration 
of the final urine will deviate from that of the plasma 
despite the continued and efficient operation of the con- 
centrating mechanism.t In chronic Bright’s dis- 
ease a diminished number of nephrons may con- 
tinue to excrete a normal solute load. This is 
accomplished by the excretion of a greater 
than normal fraction of the glomerular filtrate 
by each residual nephron. (On a given solute 
intake, the fewer the number of surviving 
nephrons, the greater is the fraction of glomer- 
ular filtrate excreted by each if balance is 
maintained.) Thus, despite the continuing 
activity of the concentrating mechanism, the 
high rates of urine flow through the collecting 
ducts would militate against the elaboration of 
highly concentrated urine. 

With respect to the diluting capacity, high 
rates of solute flow per nephron will also 
diminish the degree to which the final urine may 
be diluted. During low rates of solute excretion, 
in the normal kidney, the reabsorption of solute 
without equivalent amounts of water may result 
in a markedly dilute urine. However, when the 
flow rate per nephron increased (as in chronic 
Bright’s disease), abstraction of the same amount 
of solute from a considerably larger volume of 
urine will result in a far smaller decrease in final 
urine osmolality. 

The high rate of solute excretion per residual 


* This concept has been discussed in more detail by 
Berliner and co-workers [37,37]. 

+ This phenomenon may be demonstrated in the nor- 
mal subject during experimentally induced osmotic 
diuresis [38-40]. The greater the rate of urine flow, 
the less concentrated is the final urine (i.e., the closer the 
osmolality approaches that of the glomerular filtrate) 
although the removal of solute-free water continues at an 
increasing rate. 


nephron, in bilateral renal disease, also provides 
a partial explanation for the fact that the ability 
to concentrate the urine decreases before the 
ability to dilute the urine. The osmolality of the 
maximally concentrated urine in man _ is 
approximately 1200 mOsm/L., whereas the 
osmolality of a maximally dilute urine is 
approximately 40 mOsm/L. Hence, with a 
plasma osmolality of 300 mOsm/L., the con- 
centrated urine increases by 900 mOsm/L., but 
the diluted urine decreases by only 260 mOsm 

L. A 50 per cent reduction in range on both 
sides of isosmolality imposed by an increased 
rate of urine flow past the concentrating and 
diluting sites would therefore appear to represent 
a much greater defect in concentrating ability 
than in diluting ability. 

The progressive restriction in the range over 
which the urine osmolality may be varied in 
chronic Bright’s disease may thus be related in 
large part to an increased rate of solute excre- 
tion per nephron. That there may be additional 
factors contributing to the loss of the ability to 
concentrate the urine in bilateral renal disease 
in man is suggested by certain observations on 
dogs with unilateral renal disease. 

It has already been noted that during osmotic 
diuresis the values for T°y.9/GFR were slightly 
less for the diseased than for the normal organ. 
During all experiments of this nature the dis- 
eased kidney excreted a greater fraction of its 
filtered solute than did the normal kidney. In 
accordance with the concepts discussed, the 
greater the rate of solute excretion, the lower 
will be the osmolality of the final urine. Com- 
parison of the urine osmolality of the diseased 
kidney with the concurrent values of the normal 
kidney does indeed demonstrate lower values 
for the diseased organ [22]. However, if the 
urine of the diseased kidney comes into osmotic 
equilibrium with the medullary interstitial fluid, 
the excretion of a greater fraction of filtered 
solute should result in the abstraction of more 
solute-free water in the nephrons of the diseased 
kidney than in those of the normal kidney. The 
fact that T°y,.90/GFR was less for the diseased 
than for the normal organ must therefore be 
explained. In part, this discrepancy may be 
related to the fact that the GFR per residual 
nephron in the diseased kidney may be slightly 
greater than the GFR per nephron in the normal 
kidney. (This will be discussed more fully in the 
section on Functional Adaptations in the Persisting 
Nephrons.) A greater value for GFR per nephron 
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would decrease the absolute value for the 
derived ratio T°y,.9/GFR. This does not appear 
to provide a complete explanation, however, 
particularly in view of the fact that values for 
Cy.0/GFR have been invariably greater for the 
diseased than for the normal kidney. Several 
additional possibilities may be considered in 
explanation of these observations: (1) The 
abstraction of sodium by the loops of Henle in 
the diseased kidney may be less than the 
simultaneous values for the normal organ. 
Recent observations, however, suggest that this 
is unlikely [25]. (2) The urine from the diseased 
kidney may not come into osmotic equilibrium 
with the medullary interstitium, due to impaired 
permeability of the collecting ducts or to subtle 
distortion of the spatial relationships between the 
collecting ducts, medullary interstitium and 
vasa recta.* (3) The degree of hypertonicity 
established in the medulla of the diseased kidney 
may be less than that of the normal kidney, due 
to a relatively greater medullary blood flow in 
the diseased organ. Berliner and co-workers [37] 
have postulated that the concentration of the 
medullary interstitial fluid is inversely propor- 
tional to the square of the blood flow through 
the vasa recta.-Although no means are currently 
available for measuring vasa recta blood flow, 
indirect evidence suggests that the medullary 
flow be increased in the diseased kidney. f 

The greater values for Cy,9/GFR for the 
diseased than for the normal kidney may also be 
explained on a functional basis. During low rates 
of solute excretion the sodium-reabsorbing sites 
in the distal tubules may be operating at less 
than capacity. The delivery of more sodium to 
the distal segments of the diseased kidney than 
to those of the contralateral normal organ would 

* Preliminary observations indicate that this also is 
unlikely. Thus studies on animals with a unilateral hemi- 
infarcted kidney (in which the residual nephrons are 
uninvolved by a progressive renal lesion) reveal the 
same differences in urine osmolality, Tc°y,0/GFR, etc., 
between the hemi-infarcted and normal kidneys as 
exist between diseased and normal kidneys. However, it is 
conceivable that alterations in spatial relationships in 
the inner medulla may be of somewhat more importance 
in man than in the dog in view of the fact that the human 
kidney has fewer long loops of Henle than the dog kidney. 

t The available evidence is consistent with the hy- 
pothesis that GFR per nephron is increased in the diseased 
kidney. Moreover, renal plasma flow per nephron may 
also be increased, inasmuch as the filtration fractions for 
the diseased kidney generally are equal to those of the 
normal kidney. (Fig. 2A). Thus an increase in total renal 
plasma flow per nephron may conceivably be associated 
with an increase in vasa recta blood flow. 
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permit greater solute reabsorption per nephron, 
and hence the elaboration of more osmotically 
unobligated water per nephron. During high 
rates of solute excretion, in the absence of ADH, 
greater values for Cy.o/GFR for the diseased 
kidney may have another explanation. In pa- 
tients with diabetes insipidus, Orloff and 
associates [47] have shown that increasing rates 
of solute excretion (induced by infusion of 
mannitol) will increase free-water clearance. It 
has been suggested that the distal convolutions 
and perhaps the collecting ducts are permeable 
(although to a limited degree) to water, even in 
the absence of ADH, and that the greater the 
flow rate through these segments the less will be 
the water lost by back-diffusion. In the patient 
with bilateral renal disease the persistence of 
high rates of solute excretion could, according 
to this mechanism, tend further to preserve 
diluting ability after the ability to concentrate 
the urine is markedly impaired. 

Summary of Data Relating to the Concentrating and 
Diluting Mechanisms of the Diseased Kidney. The 
observations on the animals with unilateral 
renal disease suggest that the concentrating and 
diluting mechanisms remain essentially intact 
in the nephron of the diseased kidney. This 
provides evidence against the thesis that 
anatomic disruption of residual nephrons in the 
diseased kidney is the primary factor responsible 
for the limited ability to concentrate and dilute 
the urine in bilateral renal disease. The latter 
limitations, therefore, may be provisionally 
attributed to functional adaptations occurring 
in the persisting nephrons. Presumably, the 
fewer the number of remaining nephrons, the 
more advanced these adaptive changes are. The 
major adaptation consists of a greater rate of 
solute excretion per nephron. This would tend 
to diminish the maximum range of osmolality 
on either side of the plasma value, and would 
thus contribute to the emergence of relative 
isosthenuria. In addition, the possibility has been 
considered that in the kidney with a diminished 
population of nephrons the degree of hyper- 
tonicity achievable in the medullary interstitial 
fluid is restricted, and one mechanism proposed 
for this is an increase in vasa recta blood flow. 
This would further diminish the maximal 
achievable osmolality of the urine. The increased 
flow rate per nephron in the diseased kidney 
might tend to diminish the limited back- 
diffusion of water occurring in the absence of 
ADH, and this would contribute to the continu- 
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ing ability to dilute the urine after the ability to 
concentrate the urine is severely impaired. 
There is one clinical observation that would 
seem to be at variance with the thesis that the 
concentrating mechanism remains intact in the 
nephrons of the diseased kidney. In the presence 
of far advanced renal failure in man it rarely has 
been possible to demonstrate the production of a 
hypertonic urine, despite prolonged water de- 
privation and infusion of Pitressin.* There are 
certain theoretical and experimental observa- 
tions that suggest that the concentrating mecha- 
nism may continue to operate under these 
conditions. Theoretically, the possibility exists 
that when the population of functioning neph- 
rons is markedly diminished, the flow rate 
through each nephron is so brisk that the 
time for water diffusion out of the tubule 
is inadequate to permit the delivery of an 
isotonic urine to the collecting ducts. Were 
the urine reaching the collecting ducts to 
be hypotonic, removal of solute-free water 
by the concentrating mechanism might con- 
tinue and yet not result in a final urine more 
concentrated than the plasma. Preliminary 
experimental observations support this con- 
tention. Zak, Brun and Smith [4] have sug- 
gested that the urine leaving the distal con- 
volution might remain hypotonic in normal 
humans subjected to massive osmotic diuresis. 
In addition, Raisz and associates [43] have 
found that values for T°y.9 decrease toward zero 
when more than 30 per cent of the glomerular 
filtrate is excreted. In the dog with unilateral 
renal disease, massive osmotic diuresis has been 
found to result in the elaboration of a hypotonic 
urine by the diseased kidney, despite the continu- 
ous infusion of Pitressin [44]. Figure 6 depicts 
this phenomenon in an animal with a severely 
diseased kidney, using the stop-flow technic of 
Malvin, Wilde and Sullivan [45]. During the 
infusion of mannitol and Pitressin the urine 
became persistently hypotonic. Following three 
conventional clearance periods, the ureter of the 
diseased kidney was occluded for a period of four 
minutes. During this time the urine presumably 
remained static in the functioning nephrons 
while the tubular transport mechanisms con- 
tinued to act upon the intratubular fluid. 


* Bradley [42], however, has noted that patients with 
far advanced renal disease may elaborate a highly con- 
centrated urine following the onset of congestive heart 
failure. Presumably the heart failure was associated with 
a diminished filtration rate and a diminished solute load. 


Following the four-minute interval of stop-flow 
the ureteral clamp was suddenly released and 
multiple small samples of urine were obtained 
over a period of ninety seconds. During the stop- 
flow interval, the hypotonic urine became 
hypertonic in the region of the collecting duct. 
With reinstitution of free-flow, the urine again 
became hypotonic. It thus appears that hypos- 
thenuria may occur in a diseased kidney 
subjected to extreme osmotic diuresis despite 
the continuing operation of the concentrating 
mechanism. It may be reiterated that under 
steady-state conditions the patient with ad- 
vanced bilateral Bright’s disease may excrete a 
fraction of his glomerular filtrate as great as that 
induced experimentally by infusion of mannitol 
[46]. 

The thesis that the concentrating and diluting 
processes continue to operate in the surviving 
nephrons of the diseased kidney provides a 
rational explanation for the long-standing 
observation that the patient with chronic 
Bright’s disease may maintain constant tonicity 
of the body fluids despite unrestricted water 
intake. Were the concentrating and diluting 
mechanisms to be impotent and the urine to 
have a rigidly fixed osmolality at all times, water 
excretion would be determined exclusively by 
the total solute excretion, and the water lost in 
the urine would bear little or no relationship to 
the concurrent rate of water intake. The 
responsibility for maintaining the tonicity of 
body fluids would therefore devolve entirely 
upon the thirst mechanism. However, it is well 
known that variation in water intake in the 
uremic patient does evoke changes in urine 
volume that are independent of solute excretion 
[73]. This may readily be explained if the 
concentrating and diluting mechanisms of the 
functioning nephrons retain functional capacity. 

Patterns of Sodium Excretion. ‘The uremic pa- 
tient typically retains a remarkable ability to 
regulate sodium excretion in accordance with 
intake and body needs. This is attested to by the 
persisting Capacity to maintain sodium balance 
(and normal plasma sodium concentrations) 
despite the presence of far advanced renal 
disease.* Although the range of sodium excre- 
tion is restricted in the uremic patient when 
compared to the normal subject (i.e., neither a 
sodium-free urine nor excessive quantities of 
urinary sodium may ordinarily be excreted), the 

* Platt has commented on this phenomenon in some 
detail [77]. 
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Fic. 6. Stop-flow experiment on the diseased kidney of an animal with unilateral glo- 
merulonephritis. The individual bars to the far left were obtained during free flow 
prior to occlusion of the ureter. The points between the vertical lines represent suc- 
cessive samples of urine obtained immediately after four minutes of stop-flow. The 
values to the left represent those from the distal portions of the nephrons, whereas 
those to the right represent those obtained from the more proximal segments. The solid 
bars to the far right represent free flow samples after completion of the small sample 
collections. Creatinine U/P = creatinine urine/plasma ratios. The experiment was 
performed during the infusion of mannitol (12.5 per cent solution) at the rate of 8 ml./ 
minute and Pitressin (75 milliunits prime and 1 milliunit/minute in the sustaining 
solution). It may be seen that despite the continuous infusion of Pitressin the urine was 
hypotonic prior to the initiation of stop-flow. However, during the period of stop-flow 
the urine became hypertonic in a distal portion of the nephron. Subsequent to reinstitu- 
tion of free flow, the urine once again became hypotonic. These data suggest that dur- 
ing free flow periods, the urine was hypotonic despite the continuing operation of the 
concentrating mechanism. Presumably the urine presented to the concentrating site was 
hypotonic rather than isotonic. 


patient with chronic Bright’s disease can increase salt excretion that would be poorly integrated 
sodium excretion when salt intake increases with either the salt intake or the needs of the 
and decrease it when salt intake decreases. organism. 
Moreover, during experimental lowering of The inability of the patient with bilateral 
GFR [47] and in certain clinical circum- renal disease to decrease sodium excretion as 
stances associated with an acute decrease in effectively as the normal subject has frequently 
filtration rate (e.g., marked contraction of been accepted as evidence that sodium transport 
extracellular fluid volume or congestive heart mechanisms in the tubule are impaired by the 
failure) and therefore a decreased filtered load of underlying pathologic process [48]. Were this 
sodium presented to each functioning nephron, true, the diseased kidney, whether it exists in a 
the uremic patient may temporarily regain the normal or a uremic environment, should be 
ability to reabsorb virtually all the filtered unable to excrete urine extremely low in sodium. 
sodium. In Figure 7 sodium excretion, during sodium 
The capacity so to regulate sodium excretion deprivation, is shown for the diseased and 
suggests that the sodium transport systems intact kidneys of two dogs with severe unilateral 
in the remaining nephrons are basically in- renal disease. The total amount of sodium 
tact and respond in an appropriate manner to excreted by the diseased organs was less than 
extrarenal stimuli. Random and chaotic de- 2 mEq. per day, suggesting that the nephrons of 
struction of intrinsic tubular processes would be the diseased kidneys were capable of conserving 
expected to result in unpredictable patterns of sodium with extreme efficiency. Moreover, dur- 
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Fic. 7. Sodium excretion on a sodium-free diet in two 
representative dogs. The values for the diseased kidney 
are shown in solid Lars and those for the intact kidney in 
open bars. Values for GFR are shown encircled in bars. 


ing mannitol diuresis, occlusion of the ureter of 
the diseased kidney for four minutes (stop-flow 
experiments) was associated with the delivery 
of urine virtually free of sodium from the region 
of the distal tubule [25]. These phenomena could 
not occur if even a small percentage of the 
functioning nephrons was incapable of re- 
absorbing sodium. 

Sodium excretion by the diseased kidney has 
also been studied during conditions which 
promote natruresis [25]. During osmotic diuresis 
induced by the intravenous infusion of mannitol, 
urea, glucose, phosphate and PAH, the rates of 
sodium excretion increased in the diseased 
kidney in a manner which paralleled that seen 
in the normal kidney. During the infusion of 
hypertonic sodium chloride the diseased kidney 
manifested the ability to increase sodium 
excretion in a manner comparable to that of 
the intact organ. Following the administra- 
tion of a mercurial diuretic the diseased kidney 
retained the ability to increase sodium excre- 
tion rates. Finally, in association with expan- 
sion of extracellular fluid volume, sodium 
excretion rates increased in the diseased kidney 
in a manner which paralleled that noted in the 
intact organ. 

The patterns of chloride excretion by the 
diseased kidney were similar to those of sodium, 
suggesting that the residual nephrons retained 
the capacity both to decrease and _ increase 
chloride excretion in response to the appropriate 
stimuli. 

Pattern of Potassium Excretion. The efficiency 
with which potassium balance is maintained in 
chronic Bright’s disease has been discussed 
previously. In order to accomplish this in the 
face of a normal dietary intake, each remaining 
nephron must be capable of excreting quantities 
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Fic. 8. Phosphate excretion by the diseased and normal 
kidneys of a representative dog. In the top graph, values 
for GFR for the respective kidneys are shown. In the 
bottom graph, the percentage of filtered phosphate 
excreted by the diseased and normal kidneys is shown. 


of potassium considerably in excess of those 
ordinarily excreted by the nephrons of normal 
kidneys. 

Values for potassium clearance in excess of 
those for GFR (i.e., active secretion of potassium) 
for the diseased kidney in man have frequently 
been recorded [49,50]. Preliminary observations 
in animals with unilateral renal disease indicate 
that the patterns of potassium excretion, under 
varying experimental conditions, are generally 
comparable to those simultaneously observed in 
the intact organ [44]. These data are consistent 
with the thesis that the mechanisms for potas- 
sium excretion are intact in the surviving 
nephrons of the diseased kidney. 

Phosphate Excretion. It has been noted previ- 
ously that during progressive renal failure, 
phosphate reabsorption by the diseased kidney 
diminishes, thereby augmenting the ability of a 
decreasing nephron population to maintain 
phosphate balance. That this decrease represents 
a homeostatic change and is not the result of 
fortuitous impairment of the ability of the 
tubules to reabsorb phosphate is indicated by 
examination of the simultaneous pattern of 
phosphate reabsorption by the diseased and 
intact kidneys of the experimental animal with 
unilateral renal disease [24]. In Figure 8 
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phosphate excretion is shown for the individual 
kidneys of a representative dog with a severe 
unilateral renal lesion. The fraction of filtered 
phosphate which is reabsorbed is essentially the 
same for the diseased kidney as it is for the intact 
organ. The comparability between diseased and 
intact kidneys persisted during experimental 
conditions which modify phosphate reabsorp- 
tion (e.g., PAH and glucose loading), and 
during phosphate loading. 

Regulation of pH. ‘The ability of the persisting 
nephrons of the diseased kidney to maintain 
hydrogen ion balance also appears to increase 
adaptively as the disease advances. Although 
acidosis invariably occurs during the course of 
chronic Bright’s disease, it does not progress in- 
exorably and there are long periods when pH is 
maintained constant [57,52]. Presumably the 
stabilization of pH, even though it occurs at an 
acidotic level, is a reflection of the capacity of the 
residual nephrons to increase hydrogen ion trans- 
port sufficiently to maintain excretion equal to 
acquisition. Studies are now in progress to 
evaluate this concept further. 

The Excretion of Glucose. Impairment of 
glucose reabsorption in even a few of the 
functioning nephrons of the diseased kidney 
would result in glycosuria at relatively low 
plasma glucose levels. Evidence has already been 
cited to show that in the animal with unilateral 
renal disease the pattern of glucose reabsorption 
by the nephrons of the diseased kidney is 
identical with that of the normal kidney. More- 
over, in the non-hyperglycemic patient with 
chronic Bright’s disease the urine remains 
singularly free of glucose. 

The Excretion of Amino Acids. The tubular 
reabsorption of filtered amino acids at normal 
plasma levels is essentially complete in the intact 
kidney. Recent studies by Lathem and co- 
workers [53] indicate that amino acid reabsorp- 
tion remains unimpaired in the patient with 
chronic Bright’s disease. The continuing ability 
to extract a high percentage of the amino acids 
from the glomerular filtrate demands a normal 
degree of efficiency from virtually all functioning 
nephrons. 


THE DISSOCIATION BETWEEN STRUCTURE AND 
FUNCTION IN THE DISEASED KIDNEY 


In Figure 9 the separate kidneys of a dog with 
unilateral renal disease are shown; one kidney 
is normal, the other demonstrates the changes of 
severe experimentally induced glomerulonephri- 
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Fic. 9. The separate kidneys of an animal with experi- 
mentally induced glomerulonephritis are shown eighty- 
eight days after induction of the lesion. 


tis. Microscopically, a wide spectrum of archi- 
tectural changes was noted. Many of the 
glomeruli were completely replaced by fibrous 
tissue. In others, congestion was present, and in 
some the glomerular tufts were contracted. 
Proliferative changes were widespread. The 
glomeruli with no evident abnormalities varied 
in size from small to markedly enlarged. The 
tubules also showed a spectrum of pathologic 
changes ranging from normal architecture to 
complete destruction. Many of the tubules 
contained intraluminal casts. In the interstitial 
areas, hemorrhages and diffuse infiltration of 
mononuclear cells were noted. The composite 
picture presented may perhaps best be described 
by a quotation from Oliver [26]: ‘‘The processes 
of disease have resolved the architectural unity 
of the normal kidney into the complete and 
absolute disparity of thousands of independent 
different entities, the abnormal nephrons.”’ 

In Table 1 the functional capacity of this 
diseased kidney is compared with the simul- 
taneous functions of the contralateral normal 
kidney. The volume of glomerular filtrate 
formed per unit of renal plasma flow (filtration 
fraction) is essentially the same in the diseased 
as in the normal kidney. The relationship be- 
tween filtration rate and the maximum ability 
to secrete PAH is comparable bilaterally. 
The ratio between glomerular filtration rate and 
maximum tubular reabsorption of glucose is the 
same bilaterally. If the plasma glucose con- 
centration is increased (Fig. 3) glucose appears 
in the urine of both kidneys at the same plasma 
glucose concentration, and the glucose threshold 
(Tm) is reached simultaneously by both kidneys. 
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TABLE I 
STUDIES ON THE DISEASED AND NORMAL KIDNEY OF 
AN ANIMAL WITH UNILATERAL GLOMERULONEPHRITIS* 


Normal 


| Following Diseased 
idney 


Parameter 
Kidney 
| Induction ; 


Day | | 
| 


GFR (ml./min.).... 


Filtration fraction (%). 


GFR TME 
GFR(X 100). 
GFR(X 100). 


% Filtered Na reabsorbed 


% Filtered Cl reabsorbed. . 
UKV 

( 100) .. 
x 


% Filtered phosphate reabsorbed 


— 


% Filtered urea reabsorbed 


hue ow 


* The gross appearance of the kidneys at autopsy is shown in Figure 
9. UK V/FLx is an expression for the excretion rate of potassium divided 
by the filtered load of potassium. 

+ Mannitol diuresis. 

t Urea diuresis. 


During the infusion of mannitol and Pitressin 
the concentrating mechanism of the diseased 
kidney functions at a level comparable to that of 
the normal organ. During water-loading and 
administration of alcohol the diluting capacity 
of the diseased kidney is superior to that of the 
normal organ. Sodium and chloride excretion 
by the diseased kidney is comparable to that of 
the intact organ. Potassium excretion by the 
diseased kidney does not differ in a consistent 
manner from that by the intact organ. The 
fraction of filtered phosphate excreted by the 
diseased kidney is comparable to that by the 
normal kidney. Finally, the fraction of filtered 
urea excreted by the diseased kidney is essentially 
the same as that by the normal kidney. 

Thus there appears to be a _ remarkable 
discrepancy between the morphologic changes 
and the functional capacity of the diseased organ. 
The chaotic alterations of structure and the 
production of a morphologically heterogeneous 
population of nephrons is incontestable. How- 
ever, the functional capacity of the diseased 
kidney is neither disorganized nor heterogeneous. 
Both in this dog and in all other animals studied 
to date, glomerular and tubular functions have 
remained orderly and predictable in the neph- 
rons of the diseased kidney, and the capacity of 
the tubules to accomplish all of the functions 
examined is similarly orderly, predictable and, 


in most instances, essentially normal. The 
strange dissociation between the structural 
derangements and the functional capacity of the 
persisting nephrons of the diseased kidney 
permits the formulation of the following working 
hypothesis: Jn chronic renal disease associated with 
marked nephron destruction, any nephron that sustains 
marked structural damage to any portion of its anatomy 
may be lost from the population of functional nephrons, 
whereas nephrons that continue to function largely 
retain their essential functional integrity. * 


PHYSIOLOGIC ADAPTATIONS IN THE 
PERSISTING NEPHRONS 


The preservation of normal function cannot 
by itself account for one of the major accom- 
plishments of the diseased kidney, the ability to 
excrete normal amounts of salt and water 
despite a major reduction in the nephron popu- 
lation. In the kidney with only 10 per cent of the 
original number of nephrons there must be a 
tenfold increase in the excretion of salt and water 
by each nephron if balance is to be maintained 
on a normal diet. 

The manner in which this functional adapta- 
tion is accomplished is not completely under- 
stood; however, at least two possibilities exist. 
The first, which has been considered by many 
authors [77,73,75], suggests that in the presence 
of uremia the high concentrations of urea in the 
glomerular filtrate promote a continuing osmotic 
diuresis analogous to that seen in the normal 
subject during infusion of urea (or mannitol). 
That there is some degree of osmotic diuresis in 
the patient with chronic Bright’s disease and 
azotemia may be accepted provisionally. How- 
ever, it does not seem likely that this is the only, 
or even the major, factor in the functional 
changes occurring in the diseased kidney. Thus 
in the animal with unilateral renal disease, 
maintained on a salt-free diet, the diseased 
kidney continues to reabsorb over 99 per cent of 
the filtered sodium, despite persistent elevation 
of plasma urea concentrations to levels seen in 
advanced uremia by exogenous urea loading [44]. 

The second possible adaptive change is a 
mechanistic one first alluded to in a general way 
by Fremont-Smith and associates [54] and later 

* An alternative explanation is possible. This would 
imply that if glomerular or tubular function is suppressed 
in an individual nephron, there will be a simultaneous 
and proportional decrease in other functional systems 
in that nephron. This would demand autoregulation of 
glomerular-tubular balance capable of influencing 
multiple tubular transport systems. 
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amplified and extended by Platt [77]. This 
suggests that a compensatory increase occurs 
in the glomerular filtration rate of each residual 
functioning nephron. This hypothesis, although 
unproved, has much to recommend it. The 
ability of individual nephrons to exhibit a 
permanent increase in filtration rate in response 
to a decrease in total nephron population is well 
documented in compensatory hypertrophy fol- 
lowing unilateral nephrectomy. In some in- 
stances the glomerular filtration rate of the 
remaining kidney may practically double over a 
period of weeks to months without any increase 
in the number of nephrons [5]. Similarly, in the 
experimental animal the removal of three- 
fourths of the renal mass is attended by a striking 
increase in filtration rate in the residual segment 
of kidney [595]. 

Some experimental evidence that is consistent 
with an adaptive increase in glomerular filtra- 
tion rate in the surviving nephrons of the dis- 
eased kidney has recently been obtained [44]. In 
the animal with unilateral renal disease the 
patterns of function of the nephrons of the dis- 
eased kidney have been shown to parallel those 
of the normal kidney. However, under certain 
experimental conditions slight but consistent 
differences in function may be demonstrated. 
These are shown in a representative experiment 
(Fig. 10) in which osmotic diuresis was induced 
by infusion of mannitol and Pitressin. During 
four conventional clearance periods the diseased 
kidney excreted a larger fraction of its filtered 
solute and water than the normal kidney. The 
superiority of total solute excretion was largely 
due to the excretion of a greater fraction of the 
filtered sodium (and chloride). Two other 
differences were observed: (1) the concentration 
of sodium was greater in the urine of the diseased 
kidney and (2) the concentration of total solute 
(i.e., osmolality) was /ess in the urine of the dis- 
eased kidney. A larger volume of glomerular 
filtrate entering the nephrons of the diseased 
kidney than the intact kidney could theoretically 
account for all of these differences. * An attempt 


* A greater volume of filtrate would result in a greater 
volume of urine entering each successive segment of the 
nephron. The reabsorption of salt and water might 
proceed isosmotically in the proximal tubules of both 
kidneys, but a larger volume would enter the loops of 
Henle of the diseased organ. As the urine courses through 
the loops of Henle, sodium reabsorption may occur at 
essentially the same rate in the nephrons of both kidneys, 
and in the distal tubules equivalent amounts of sodium 
may be reabsorbed bilaterally. If antidiuretic hormone 
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Fic. 10. Effects of acute experimental reduction in GFR 
of the diseased kidney (but not the normal kidney). 
Closed circles = diseased kidney. Open circles = normal 
kidney. The points to the left of the solid line were 
obtained prior to the compression of the renal artery of 
the diseased kidney. The points to the right of the line 
were obtained subsequent to compression of the artery. 


to examine this thesis is shown in Figure 10. At 
the conclusion of the fourth clearance period the 


effect is maximal, water may diffuse out of the distal 
tubules until the urine becomes isotonic. However, the 
urine entering the collecting ducts of the diseased kidney 
will be greater in volume and will have a higher sodium 
concentration. This is due to the fact that none of the 
mannitol and its osmotically cbligated water would be 
reabsorbed in either kidney. Thus removal of sodium 
(and an isosmotic amount of water) decreases the 
concentration of sodium in the remaining urine due to 
the diluting effect of the water held by mannitol. If the 
volume of filtrate is greater in the nephrons of the dis- 
eased kidney and sodium reabsorption is essentially equal 
bilaterally, more sodium will be left in the tubules of the 
diseased kidney per unit volume of residual urine. The 
removal of water in the collecting ducts (which occurs as 
a consequence of the prior reabsorption of sodium in the 
loops of Henle), although essentially equal bilaterally, 
would result in a smaller increment in osmolality of the 
urine in the diseased kidney (because of the larger volume 
presented) than in the normal organ. Hence the diseased 
kidney would excrete more of its filtered solute and more 
of its filtered sodium than the normal kidney, and the 
final urine of the diseased kidney would have a higher 
sodium concentration and a lower osmolality. 
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glomerular filtration rate of the diseased kidney 
only was decreased moderately by partially 
constricting its renal artery. In association with 
the slight unilateral fall in GFR all of the 
differences between the two kidneys diminished. 
The fractions of filtered solute and sodium 
excreted by the diseased kidney both tended to 
approximate values of the normal kidney. 
Moreover, the urinary sodium concentrations of 
the diseased kidney decreased and the urinary 
osmolalities increased so as to approach the con- 
current values of the normal kidney. It would 
thus appear that the slight differences between 
the diseased kidney and the normal kidney were 
largely abolished by decreasing the filtration 
rate of the diseased organ. It may be suggested 
from these observations that the diseased kidney 
in a non-uremic environment may sustain some 
increase in GFR per nephron. Presumably this 
adaptive change would occur to a much greater 
degree in the remaining nephrons of the patient 
with bilateral renal disease and uremia. 

On the basis of existing evidence it may be 
postulated that the ability of the diseased kidney 
to maintain solute balance is facilitated by two 
phenomena acting either alone or, more likely, 
in concert. The first is a continuing osmotic 
diuresis that results from the high filtered loads 
of urea in advanced chronic Bright’s disease. 
The second is the development of an increased 
glomerular filtration rate per functioning neph- 
ron. The latter may modify the normal glo- 
merular-tubular balance in such manner as to 
present more salt and water to the nephrons 
than the reabsorptive mechanisms can handle. 

The possibility that other adaptive changes 
also occur in the patient with chronic Bright’s 
disease seems likely. The studies on dogs with 
unilateral renal disease tend to exclude extensive 
damage to the functioning nephrons of the 
chronically diseased kidney by the underlying 
pathologic processes. Yet the patient with 
bilateral renal disease has certain functional 
patterns which differ from those of the experi- 
mental animal with unilateral renal disease. 
These differences may relate to the greater 
decrease in total nephron population and the 
attendant environmental abnormalities, rather 
than to selective anatomic damage to functioning 
nephrons. The increased rate of potassium 
excretion per residual nephron may be due in 
part to an associated increase in mineralo- 
corticoid production. The postulated increased 
rate of hydrogen ion secretion per nephron may 


be mediated by the development of systemic 
acidosis. The tendency to hyperphosphatemia 
may stimulate secondary hyperparathyroidism, 
which in turn would decrease tubular reabsorp- 
tion of phosphate and allow normal phosphate 
excretion by a decreasing nephron mass. The 
postulated increase in GFR per nephron may be 
responsible for the relative inability of the pa- 
tient to excrete a sodium-free urine. When 
sodium intake is less than optimal the tendency 
to sodium depletion may lead to secondary 
aldosteronism, and perhaps the latter contributes 
to the potassium-losing state occasionally seen in 
patients with chronic Bright’s disease [56]. In 
far advanced renal disease the rate of solute 
excretion per nephron becomes so great that 
despite maximal ADH stimulation, the urine 
entering the collecting ducts may theoretically 
be hypotonic. This could contribute to perma- 
nent isosthenuria (or hyposthenuria) despite the 
continuing abstraction of solute-free water by 
the concentrating mechanism. Finally, there is 
the possibility that certain of the retained 
metabolites in the uremic patient may have an 
inhibitory effect on one or more tubular 
transport mechanisms; this must await future 
investigation. 


RECONSTRUCTION OF SERIAL EVENTS IN 
THE PATHOLOGIC PHYSIOLOGY OF 
CHRONIC BRIGHT’S DISEASE 


Within the framework of the foregoing 
concepts an attempt may be made to reconstruct 
the sequence of events in the patient with 
progressing chronic Bright’s disease. The cardinal 
event underlying these changes is the destruction 
of nephrons. 

The Initial Phase of Nephron Destruction. As 
the population of functioning nephrons decreases 
from normal to 50 per cent of normal, virtually 
no significant chemical or physiologic ab- 
normalities occur. Sodium, chloride, potassium, 
phosphate and pH levels all remain normal. 
Urea and creatinine concentrations rise, but 
only slightly, since a 50 per cent reduction in 
GFR effects only an approximate two-fold 
increase in plasma values, if protein intake, 
cellular catabolism and total body water remain 
relatively constant. Hence, with a decrease in 
GFR from 120 to 60 ml./minute, a blood urea 
nitrogen of 6 mg. per cent increases to only 
approximately 12, and a creatinine of 0.8 mg. 
per cent increases to approximately 1.6. 
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Although symptoms and signs may appear 
during the early phases of chronic Bright’s dis- 
ease, these are related not to the direct effects of 
a decreasing nephron population but rather to 
the stigmata of the underlying disease (e.g., 
dysuria in pyelonephritis, arthralgias and fever 
in systemic lupus erythematosus, etc.). From 
the point of view of renal function, the patient 
who has lost half of his nephrons as a con- 
sequence of slowly progressing renal disease may 
sustain no more disability than the subject who 
is left with one normal kidney following uni- 
lateral nephrectomy. This analogy may be 
extended further, for it is conceivable that the 
remaining nephrons in the diseased kidney may 
undergo some degree of compensatory hyper- 
trophy, characterized principally by an increas- 
ing rate of glomerular filtration per nephron. 

The Intermediate Phase of Nephron Destruction. 

As the nephron population falls below 50 per 
cent of normal, more marked chemical changes 
appear. Urea and creatinine levels continue to 
increase and definitely exceed the upper limit of 
the accepted range of normal. In addition, the 
remaining nephrons may fail to secrete sufficient 
hydrogen ion to maintain arterial pH levels 
within the normal range, and a modest systemic 
acidosis may develop. Owing to the latitude of 
intact nephrons to increase and decrease 
sodium excretion, sodium balance may generally 
be maintained on an unrestricted salt intake. 
Water balance also is maintained, due to the 
continuing activity of the concentrating and 
diluting mechanisms. However, the range over 
which the urine tonicity may be altered will 
diminish as the nephron population decreases, 
and an increasing fraction of water in the urine 
will be osmotically obligated. For this reason 
the volume of urine excreted at night approaches 
that excreted during the day despite the fact 
that there may be no nocturnal water ingestion. * 
Nocturia may, therefore, become manifest. 

Phosphate balance is ordinarily maintained 
during the period of intermediate nephron 
destruction because the reabsorption of phos- 
phate diminishes as filtration rate diminishes. 

Moreover, as long as normal phosphate con- 

centrations prevail, calcium levels remain 
normal. 

Owing to the capacity of functioning nephrons 
to increase potassium secretion, potassium 


* As renal disease progresses, the normal diurnal 
rhythm may reverse and the rate of urine flow may 
actually be greater during the night than during the day. 
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balance and normal plasma potassium con- 
centrations are also maintained. 

Although there may be few symptoms and 
signs aside from nocturia, in some patients (but 
by no means all) anorexia, slight weight loss and 
an insidious decrease in vigor may occur. 
Anemia may also make its appearance at this 
time. * 

The Emergence of Renal Failure. As the neph- 
ron population falls below 25 to 30 per cent of 
normal the characteristic abnormalities of the 
uremic syndrome gradually evolve. Plasma 
levels of urea and creatinine become markedly 
elevated and phosphate retention occurs. As 
phosphate levels rise, calcium levels fall and, 
characteristically, the greater degree of hyper- 
phosphatemia the more severe the hypocalcemia. 
Fortunately, until hypocalcemia becomes ex- 
treme, the concurrent systemic acidosis decreases 
the likelihood of tetanic manifestations. 

Among the inordinate demands upon the 
residual nephrons, the need to maintain sodium 
balance is pre-eminent. As long as dietary intake 
of sodium varies only moderately from day to day 
and is neither excessively great nor markedly 
reduced, balance is maintained. The ability to 
vary excretion in response to changing intake 
reflects the continuing responsiveness of tubular 
reabsorption (and GFR) to extrarenal stimuli. 
The ability of each nephron to excrete a greater 
than normal fraction of filtered sodium may well 
be facilitated by the increment in the filtered 
load of urea and by the development of an 
increased GFR per nephron. However, both the 
osmotic diuresis due to urea and the glomerular- 
tubular imbalance due to the increased GFR 
per nephron diminish the ability of the kidneys 
to elaborate a sodium-free urine, and the 
obligatory salt excretion may exceed 1 or 2 gm. 
per day. 

The excretion of an increased percentage of 
the filtered salt and water also tends to augment 

urea excretion. Because the concentration 
gradient for urea in the tubular urine (and the 
attendant back-diffusion) results irom the 
reabsorption of water, reabsorption of a de- 
creased fraction of filtered water leads to excre- 
tion of proportionately more of the filtered urea. 
Consequently the rate of urea accumulation may 


* The mechanism of anemia in progressive renal dis- 
ease still remains in doubt. A presentation of current 
information as well as an appropriate bibliography are 
contained in a recent paper by Loge, Lange and Moore 
[57]. 


; 
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diminish somewhat. The excretion of a large 
fraction of filtered salt and water has one addi- 
tional effect. The greater the fraction of filtrate 
excreted, the more nearly the composition of the 
final urine approaches that of the parent 
glomerular filtrate. This is especially noticeable 
for the concentrating and diluting processes and, 
despite the evidence already cited that these 
mechanisms may continue to operate in the 
residual nephrons, the tonicity of the final urine 
tends to approach that of the glomerular 
filtrate. 

Potassium excretion by the residual nephrons 
may increase enough to prevent hyperkalemia 
on a normal potassium intake. In addition, 
when systemic acidosis becomes more marked 
the remaining tubules may increase their rate of 
hydrogen ion secretion (and bicarbonate ion 
reconstitution) to maintain balance and thereby 
prevent the further progression of acidosis so 
long as there is no increase in the rate of 
hydrogen ion acquisition from metabolic or 
exogenous sources. 

The Terminal Phase of Chronic Bright’s Disease. 
As the nephron population diminishes further 
the disabling and widespread derangements of 
the uremic syndrome become increasingly 
apparent. Retention of urea, creatinine and 
phosphate becomes more pronounced. Many 
additional substances, including sulfate [58], 
magnesium [59], urate [48], phenols [60] and 
guanidines [67], also accumulate in body fluids. 
For reasons not completely understood, anorexia, 
nausea and vomiting may become severe, and 
weight loss, muscle wasting and cachexia may 
complicate the clinical picture. Because of the 
obligatory renal loss of salt and water, extra- 
renal fluid losses (or failure of adequate intake) 
result in contraction of the extracellular fluid 
volume, and a functional decrease in GFR may 
occur. Although the latter response diminishes 
the rate of osmotic diuresis (due both to a de- 
crease in GFR per nephron and to an attendant 
fall in the filtered load of urea), thus lessening 
the further loss of salt and water, it also results 
in an accelerated rate of accumulation of all 
substances excreted by filtration. An exacerba- 
tion of symptoms and signs is the usual ac- 
companiment of this sequence of events. 

Bone marrow suppression, in some instances 
decreased red cell survival, and occasionally 
blood loss (principally from the gastrointestional 
tract) contribute to the progression of anemia, 
and the anemia in turn may contribute to the 


development of a high cardiac output.* The 
latter increases the burden of the myocardium 
and may lead to congestive heart failure. If 
hypertension emerges, the cardiovascular load 
and the likelihood of heart failure are further 
increased. With the development of congestive 
failure, cardiac output diminishes (particularly 
if hypertension is dominant), and the problems 
of providing adequate oxygenation to the 
periphery with a decreased oxygen-carrying 
capacity of the blood, imposed by the anemia, 
are compounded. 

Eventually the nephron population decreases 
below a critical level and, despite maximal 
compensation by the surviving units, life may 
no longer be sustained. In the final days of life 
urine volume diminishes, and hyperkalemia, 
progressive acidosis, pericarditis, a diffuse 
hemorrhagic diathesis, muscular twitching, 
refractory congestive heart failure, central 
nervous system derangements, convulsions and 
coma all may appear. The ultimate result is 


death. 
SUMMARY 


Clinical and experimental data relating to the 
functional capacity of the surviving nephrons of 
the chronically diseased kidney for the most part 
support the thesis that these nephrons retain 
their essential functional integrity regardless of 
the nature of the underlying form of chronic 
Bright’s disease. There are instances in which 
specific alterations of function correlate with 
pathologic involvement of a particular site of 
the nephron but these appear to represent the 
exceptions, and in general the more advanced 
the disease becomes, the less evident are the 
differentiating features. 

Studies on dogs with unilateral renal disease 
indicate that the functional capacity of the 
nephrons of the diseased kidney parallels that of 
the nephrons of the contralateral normal kidney. 
These data tend to exclude widespread intrinsic 
damage to the functioning nephrons by the 
underlying pathologic processes. From these 
observations, as well as from certain supporting 
clinical and experimental observations, it is 
suggested that the majority of surviving neph- 
rons in the patient with bilateral renal disease 
similarly are functionally intact. Concepts of the 
pathologic physiology of the kidney, based on 
the “intact nephron hypothesis,”’ are presented. 


* The metabolic acidosis may also be a factor in the 
development of a high cardiac output syndrome. 
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Within the framework of this hypothesis it is 


concluded that (1) the diseased kidney consists 
of a diminished number of nephrons, most of 


which 


retain essentially normal functional 


abilities; (2) certain of the apparent abnor- 
malities in function in bilateral renal disease 
may relate to adaptive changes imposed by the 
decreased nephron population and the attendant 
derangements in body fluids rather than to 
structural distortion of nephrons; (3) the over-all 
flexibility of the diseased kidney decreases as the 
number of constituent nephrons decreases; but 
(4) there is an orderly and predictable pattern 
of excretion for all substances. 
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Actinomycosis and Nocardiosis 


Washington, D. C. 


CTINOMYCOsIs and nocardiosis possess a num- 

ber of striking similarities, including a 
close and often indistinguishable clinical resem- 
blance and a close morphologic relationship 
between the etiologic organisms [7]. Essential 
cultural differences do exist, it is true, but cer- 
tainly insofar as the tissue reaction is concerned, 
there may be nothing to distinguish one disease 
from the other. Let there be no mistake on this 
score, however; these are two separate and 
distinct diseases. Nowhere is this more important 
than in the matter of therapy. 


ACTINOMYCOSIS 


Actinomycosis is a chronic mycotic infection, 
more suppurative than granulomatous, with a 
marked proclivity for forming abscesses and 
sinus tracts. These extend by contiguity without 
respect for tissue planes and classically give rise 
to multiple cutaneous fistulas. Interspersed 
between these zones of suppuration is a remark- 
able degree of fibrosis which has the paradoxical 
effect of walling off the infection while adding 
a considerable barrier to effective chemotherapy. 
Dating back to Cope’s classic monograph in 
1938 [2], the clinical spectrum of this disease has 
been arbitrarily divided into three categories: 
(1) cervicofacial actinomycosis, (2) thoracic 
actinomycosis, and (3) abdominal actinomy- 
cosis. Cervicofacial infection is not only the most 
common but is also the most favorable form of 
the disease, a certain number of such cases 
having apparently undergone spontaneous re- 
mission. The outlook is decidedly worse in 
instances of thoracic and abdominal actinomy- 
cosis, hence it is in these cases that the efficacy 
of any kind of treatment is best evaluated. 

The etiologic organism is an anaerobic or 
microaerophilic, gram-positive actinomycete, 
Actinomyces bovis. Due in part to the distinctive 
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tendency of actinomyces to appear in dense 
clusters (actinomycotic granules) in infected 
tissues and to coalesce into visible yellowish 
brown particles (sulfur granules) in pus, actino- 
mycosis was the first of the deep mycoses to 
be identified in man (1878) [3]. Over and above 
its diagnostic value the formation of the actino- 
mycotic granule also has some bearing on 
treatment, for a whole colony of actinomyces is 
apt to exhibit greater in vitro resistance to a 
particular chemotherapeutic agent than does a 
suspension of the organism [4]. If the patient is 
to be permanently cured, drug therapy must be 
intense enough to suppress all organisms includ- 
ing those harbored within the protective con- 
fines of actinomycotic granules. Failure to 
penetrate these densely clumped colonies has 
undoubtedly accounted for many instances of 
recurrent infection. 

Judging from the world-wide distribution of 
reported cases, actinomycosis is certainly the 
most ubiquitous of the systemic mycoses. Until 
recently it was regarded as the most common, a 
view altered by a better appreciation of the 
prevalence, in this country at least, of histo- 
plasmosis and coccidioidomycosis. Unlike most 
other fungus infections actinomycosis is thought 
to arise from endogenous sources such as in- 
fected tonsils, gums and carious teeth, from all of 
which the etiologic organism, A. bovis, has been 
recovered. Because of its propensity for sapro- 
phytic growth in the oral cavity, pharynx and 
tracheobronchial tree, even the repeated finding 
of A. bovis in the sputum is insufficient evidence 
to prove that radiographically visible pulmonary 
disease is necessarily due to this fungus. Some of 
the incredible therapeutic results claimed for 
outmoded drugs were undoubtedly the result of 
such misdiagnoses. 

Contrary to common belief, A. bovis has 
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Fic. 1. This fifteen year old Negro girl had cervicofacial actinomycosis of three months’ duration. A granuloma pyo- 
genicum occupied the central portion of a lower right molar and contained a central fistulous tract. Numerous fistulous 
tracts are seen in an area of woody induration (/eft). Treatment with 2.4 million units of procaine penicillin daily for 
forty-two days resulted in complete healing and normally soft cervical tissues (right). The lowermost scar is the result of 


biopsy. The involved teeth were extracted during treatment. 


never been cultured from any source in nature. 
Completely discredited, therefore, is the age-old 
view that actinomycosis often results from chew- 
ing straw or grain. This is pure fiction, yet it is 
surprising how many physicians still adhere to 
this antiquated view. Actually the somewhat 
higher incidence among farmers is attributable 
in all probability to their poorer than average 
dental hygiene. Just why an organism exhibiting 
as little animal pathogenicity as A. bovis should 
be capable of attaining such virulence for man is 
difficult to comprehend. More than likely the 
actinomyces are mere opportunists which, as a 
result of trauma (tooth extraction, fractured 
mandible, etc.) or in conjunction with some 
bacterial invader, gain access to the tissues where 
they can assume the role of a pathogen and 
produce local or even widespread progressive 
disease. 

Granted that a few other systemic mycoses are 
many times more common, this hardly justifies 
the current de-emphasis of the importance of 
actinomycosis. Doubtless many cases of actino- 
mycosis go unrecognized. Take, for example, 
the matter of anaerobic cultures, which are 
rarely requested nowadays. A. bovis is by defini- 
tion an anaerobic or microaerophilic organism 
with the unique distinction of being the only 
fungus causing systemic infection that does not 
grow aerobically at room temperature on 
ordinary laboratory media. Unfortunately, by 
the time the need for special cultural technics 


is appreciated, if indeed it is considered at all, 
the rather ready susceptibility of A. bovis to most 
available antibiotics has so suppressed its 
growth that cultures, even when properly sown, 
are likely to be negative. Also, any tissue subse- 
quently examined may no longer retain that 
crucial clue to diagnosis, the actinomycotic 
granule. Finally, the common practice of giving 
antibiotics at the first sign of infection regardless 
of whether it be dental, respiratory, etc. proba- 
bly accounts for a further apparent decrease in 
the incidence of the disease. One cannot help but 
wonder whether actinomycosis is not just as 
common as ever, but is now arrested so early 
in its clinical course that the true etiology of 
some infections is never suspected. Considering 
only proved cases, however, it has to be listed as 
a relatively uncommon disease. 

The therapy of established actinomycotic 
infections is a complicated problem much akin 
in general principle to the management of 
tuberculosis. This is not surprising when one 
considers that the mycobacteria, actinomyces 
and nocardia are all members of the order 
actinomycetales and are presumably more 
closely related to one another than to ordinary 
bacteria or more complex fungi. All three are 
chronic granulomatous diseases requiring inten- 
sive long term treatment, overtreatment in fact, 
if relapse is to be prevented. The application of 
sound surgical principles of drainage and 
excision is as essential in one disease as in the 
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others. Recent years have witnessed a dramatic 
change in the outlook for all three diseases, the 
discouraging results of the preantibiotic era 
having been converted in most instances to 
frank optimism by the introduction of effective 
chemotherapy. 

In earlier years therapeutic efficacy in treat- 
ing actinomycosis had been ascribed to a num- 
ber of agents, chief among them being iodides, 
thymol, copper sulfate and autogenous vaccines. 
That any of these are really effective is open to 
serious question. Yet in the case of thymol there 
were quite a few reports attesting its value 
[5-70]. In one instance an extensive lesion in the 
upper lobe of the right lung associated with 
sulfur granules in the sputum cleared with 
remarkable ease after just seventeen days of 
thymol administration [9]. In another patient 
a course of thymol arrested a _ cervicofacial 
infection that had previously failed to respond to 
almost a month of intensive sulfonamide therapy 
[70]. Even so, since the advent of more effective 
drugs, its use, like that of the other drugs men- 
tioned, has largely been abandoned. 

Somehow the idea persists that iodides are 
invaluable, although there is no sound basis for 
this view. Years ago the initial utilization of 
iodides for human actinomycosis was the result 
of mistaken identity, actinomycosis and its 
animal analogue, lumpy jaw of cattle, having 
been confused with woody tongue or actino- 
bacillosis of cattle and pigs. The latter disease, as 
the term implies, is caused not by a fungus but 
by an actinobacillus that is specifically respon- 
sive to iodides whereas actinomyces are not. 
Several workers [77,72] found luxuriant growth 
of actinomyces in media containing 2 per cent 
potassium iodide, a point recently confirmed by 
the in vitro studies of Suter and Vaughan [73]. 

X-ray therapy once enjoyed wide usage and is 
still advocated occasionally cervicofacial 
infections, despite the fact that there would 
seem to be little justification for its continued use. 
Perhaps the best commentary on its relative 
value is that found in the report by Stewart- 
Harrison (1934) [74] who claimed good results 
in twenty cervicofacial infections but no benefit 
in eight cases of pulmonary or abdominal 
actinomycosis, all of which ultimately proved 
fatal. 

Of the many time-honored forms of treatment 
surgery is the only one that has not become 
obsolete. Waring (1905) [75] was the first to stress 
its importance and this has been subsequently 
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re-emphasized by innumerable surgeons [76-23]. 
The role of surgery is concerned primarily with 
the drainage of abscesses and empyemas, but 
because of the extensive fibrosis peculiar to 
actinomycotic infections radical surgical exci- 
sion is sometimes necessary. In fact, so impressed 
were the Johns Hopkins group by the difficulty 
in getting therapeutic doses of penicillin into 
these dense avascular areas that lately they have 
routinely employed wide surgical excision of 
infected tissues in conjunction with massive 
penicillin administration [25]. By this bold com- 
bined approach their results improved ap- 
preciably, reaching an 88 per cent cure rate. 

The similarity alluded to between actino- 
mycosis and tuberculosis also applies to the 
question of surgical therapy for pulmonary 
disease. In actinomycosis, as in tuberculosis, 
pulmonary resection has a definite place in 
removing a residual focus, persistent cavity or 
otherwise destroyed portion of lung. One of the 
first to apply this principle was Kay [23,24] 
whose most important contribution was to 
emphasize the hazards of too limited a resection. 
To preclude the possibility of postoperative 
spread, reactivation or empyema the use of 
chemotherapeutic coverage is essential and 
should be maintained for prolonged periods, 
certainly for no less than two to three months. 

Surgical resection is apt to be applied un- 
wittingly in some cases of pulmonary actino- 
mycosis through the erroneous impression that 
one is dealing with a bronchial carcinoma. Both 
radiographically and on gross examination an 
actinomycotic abscess of the lung can closely 
resemble a tumor mass. Bates and Cruickshank 
[26] in a recent study of eighty-five cases of 
thoracic actinomycosis included seven patients 
treated by pulmonary resection, none of whom 
was operated upon with the correct preoperative 
diagnosis. This experience has been duplicated 
by others [27-30] and attention has been directed 
to the little appreciated tendency for pulmonary 
actinomycosis to produce a dense hilar lesion 
extending out into lung parenchyma like a 
bulky bronchial neoplasm [30]. 

The first dramatic change in the treatment of 
actinomycosis occurred in 1938, when the 
sulfonamides became available. Within a few 
years there appeared ample evidence of their 
value [37-40]. Several of these cases were ex- 
tremely severe, so much so that their recovery 
was regarded as miraculous. The patient of 
Miller and Fell [34] is a good case in point. An 
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Fic. 2. Middle-aged white man with multiple draining sinuses over the anterior chest. A. bovis had been recovered from 
purulent drainage, but previous intermittent treatment with penicillin and sulfadiazine had been inadequate. Chest 
roentgenogram ‘(/eft) revealed a right empyema. Six months after the institution of intensive penicillin therapy all 
sinuses had healed and there was extensive clearing on chest roentgenogram (right). 


eleven year old boy ill with abdominal actino- 
mycosis was growing worse when sulfanilamide 
therapy was begun in January 1938. Thymol, 
x-ray therapy and iodides had all been tried 
without any alteration of his downhill course. 
Soon after the institution of sulfonamide therapy 
(2 gm. per day), the patient improved strikingly 
but the drug was continued for a total of ten 
months before he was considered cured. The 
necessity for long term therapy is nicely illus- 
trated by this patient treated at a time when 
more attention was being paid to the danger of 
the drug than to the hazard of the disease. 

In 1941 Dobson, Holman and Cutting [47] 
published the first of two papers on the chemo- 
therapy of actinomycosis, re-emphasizing the 
importance of sulfanilamide for relatively long 
periods and citing three arrested cases, two of 
them quite severe. Cutting and Gebhardt [42] 
claimed that sulfadiazine and_ sulfathiazole 
deserved continued trial on the basis of in vitro 
sensitivity studies, but it is probable that the 
organism with which they were working was not 
A. bovis. Later Keeney, Ajello and Lankford 
[43] in evaluating the sulfonamides found their 
inhibitory effect to be considerably less than 
spectacular. Finding themselves unable to con- 
firm the work of Cutting and Gebhardt [42], 
they injected a word of caution as to the ex- 


pectancy of cure with the sulfonamides. Abra- 
ham and Miller [44] concluded from their in 
vitro investigations of two strains of A. bovis that 
the sensitivity to sulfathiazole and sulfadiazine 
was insufficient to justify their clinical use. 
Nevertheless, sulfadiazine temporarily remained 
the drug of choice until penicillin ultimately 
established its superiority. 

The potential value of penicillin in actinomy- 
cosis was first cited in 1941 by the Oxford 
investigators [45] who found a strain of A. bovis 
that was no different in its in vitro susceptibility 
to penicillin than were many of the more sensi- 
tive bacteria. Almost two years passed before 
Fisher [46] mentioned two additional strains 
being quite sensitive to penicillin. After finding 
the organism inhibited and apparently killed by 
a concentration of 0.01 units of penicillin per 
ml. of medium, Keeney, Ajello and Lankford 
[47] commented that A. bovis in its susceptibility 
to penicillin actually resembled a bacterium 
more than a fungus. 

Nevertheless the first references to its clinical 
utilization were not very encouraging. Florey 
and Florey [48] used penicillin in several cases in 
which the diagnosis seems poorly documented. 
One patient, for example, had actinomyces 
repeatedly demonstrated in the sputum, al- 
though most of his complaints were referable to 
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the abdomen. Penicillin provided no apparent 
benefit, but this is readily understandable 
considering the dosage (10,000 to 20,000 units 
every four hours), route of administration (via 
duodenal tube) and duration of treatment (six 
days). The report by Keefer et al. [49] was like- 
wise inauspicious, only one of three patients 
with actinomycosis treated with penicillin 
escaping a fatal outcome. However, there were 
no details given as to the extent of disease and 
amount of therapy. Lyons, on the other hand, 
in summarizing the United States Army experi- 
ence with penicillin [50], made reference to four 
patients with actinomycosis, all of whom im- 
proved on penicillin. Again no details were 
provided other than to say that follow-up 
was too brief to be conclusive. The first real 
note of enthusiasm was sounded by Herrel] in 
1944 [57]. Of three patients with cervicofacial 
actinomycosis treated with penicillin, two re- 
covered. One case was considered a therapeutic 
failure. A fourth patient with abdominal 
actinomycosis and carcinoma of the colon also 
had an unsatisfactory response, as might be 
expected. 

Ample clinical confirmation soon followed. 
Walker and Hamilton [52] in a report of six 
cases included one patient with a widely dis- 
seminated infection who responded dramatically 
to penicillin after an initial failure to improve 
on sulfonamides. A similar experience was 
reported [53] in a patient with infected war 
wounds in whom subcutaneous abscesses and 
pleural effusion, presumably actinomycotic in 
origin, developed. There was no response to 
sulfonamides but the disease was arrested by two 
courses of penicillin. To illustrate why penicillin 
failures might occur, attention should be directed 
to the latter authors’ concern over a twenty-eight 
day period of penicillin administration which 
they considered “‘very long’ and the daily dose 
of 200,000 units which they regarded as “un- 
usually high.”? As a consequence, instances of 
inadequate therapy were bound to occur, some- 
times with tragic results. Shulman [54], for 
example, referred to a patient who in the year 
prior to death from actinomycosis had received 
five separate courses of penicillin, none of them 
for a very long period yet each followed by 
temporary improvement. Although as _ yet 
unconvinced of the relative superiority of penicil- 
lin over sulfadiazine, Dobson and Cutting [55] 
were well aware of the need for prolonged 
treatment. Several of their patients received 
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either sulfadiazine or penicillin for periods close 
to one year before being considered cured. 

Perhaps the deciding vote in favor of penicillin 
therapy was contained in the report of Nichols 
and Herrell published in summary form in 1947 
[56] and in greater detail the following year [57]. 
Included were the results of treatment of forty- 
six patients with actinomycosis receiving what 
was considered adequate therapy as opposed to a 
comparable number who had not. For cervico- 
facial infections recovery was approximately the 
same in both groups (over 90 per cent), thus 
emphasizing the relatively good prognosis for 
this form of the disease. Worth noting, however, 
was the much shorter period of disability and the 
much quicker healing of sinuses among those 
receiving penicillin. A satisfactory result fol- 
lowed an average of two months of penicillin 
therapy as compared with an average of six 
months treatment by other means. 

In the pulmonary and abdominal cases the 
difference was even more striking. Whereas only 
one of thirteen pulmonary infections improved 
without penicillin, there were five recoveries 
among nine patients with pulmonary actinomy- 
cosis treated with penicillin, a recovery rate of 
55 per cent. Among those with abdominal infec- 
tions there was only one purported recovery of 
fourteen patients receiving no penicillin in con- 
trast to eight cured patients of ten treated with 
penicillin, an 80 per cent recovery rate. All 
strains of A. bovis cultured from these patients 
were sensitive to penicillin in vitro, being in- 
hibited by 0.01 to 0.1 units of penicillin per ml. 
of culture medium. The authors recommended 
administration of at least 500,000 units daily, 
intramuscularly or intravenously, for a mini- 
mum of six weeks. 

Over the succeeding years it has become 
obvious that higher doses of penicillin would be 
required, especially in disseminated infections 
and in severe types of pulmonary and abdominal 
actinomycosis. The need for massive penicillin 
therapy is well exemplified in the report by 
Sanford and Barnes [58]. Two patients with 
abdominal actinomycosis had regressed after 
prolonged penicillin and sulfadiazine adminis- 
tration. One had received 128 million units of 
penicillin and 874 gm. of the sulfonamides over 
the preceding eight months; the other, over 58 
million units of penicillin and 1,000 gm. of the 
sulfonamides during the previous nine months. 
Striking improvement followed the institution of 
massive doses of penicillin. The first patient 
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Fic. 3. Young Negro man with severe back pain of one year’s duration recently accompanied by fever. Chest roent- 
genograms disclosed a homogeneous infiltration in the left upper lung field with marked mediastinal widening most 
marked inferiorly (left). Roentgenograms of the spine showed involvement of the mid-thoracic vertebrae. ‘The medias- 
tinal abscess pointed posteriorly. Surgical drainage produced considerakle pus from which A. bovis was cultured. On 
vigorous prolonged penicillin therapy, augmented for several months with sulfadiazine and body cast, healing gradu- 
ally ensued (right). From: Peabody, J. W., Jr. and Seabury, J. H. Actinomycosis and nocardiosis. J. Chron. Dis., 5: 374, 


1957. 


received more than 644 million units of penicil- 
lin over the next sixty-seven days; the second, 
over 586 million units during the following forty- 
eight days. Both patients recovered without 
further incident. 

For the average case of actinomycosis, peni- 
cillin remains the drug of choice. It must be 
given in moderately high dosage and for sus- 
tained periods of time. We routinely use 1 to 6 
million units of penicillin daily for a minimum 
of six to eight weeks. For severe cases 12 million 
units per day is not excessive. In fact, Harvey 
and co-workers [25] have adopted the standard 
practice of giving a daily intravenous dose of 10 
to 20 million units of penicillin. Certainly in 
severe cases this may be advisable. Just as in 
tuberculosis, treatment must be prolonged for 
many months and sometimes for as much as a 
year or more, not only to eradicate all signs of 
activity of the disease but to preclude the possi- 
bility of reactivation. 

Despite its general effectiveness the continued 
use of penicillin was associated with its share of 


treatment failures, which in most instances 
could be traced to dosages that by current stand- 
ards would be considered inadequate. In- 
variably there arose the question of resistant 
organisms. In 1944 Christie and Garrod [59] 
tried to correlate the relative penicillin sensitivity 
of four strains of A. bovis to the response to 
therapy. Two organisms were very sensitive 
to penicillin and penicillin therapy was quite 
successful in both instances. The other two 
strains were as much as eight times more resist- 
ant to penicillin; both of these cases were said to 
be unamenable to therapy. Several other 
investigators likewise found different strains to 
vary significantly in their in vitro susceptibility to 
penicillin [55,60]. 

On the other hand, Nichols and Herrell [57], 
after testing every strain of A. bovis recovered 
from clinical material at the Mayo Clinic, 
claimed that all strains were penicillin-sensitive, 
being inhibited by 0.01 to 0.1 units of penicillin 
per ml. of culture medium. Boand and Novak 
[67] examined six strains and showed all six to 
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be sensitive to 0.05 to 0.5 units of penicillin 
per ml. of culture medium. Furthermore, only a 
minimal degree of resistance with successive 
serial transfers developed in the organisms. 
This was in sharp contrast to streptomycin to 
which they showed a 250-fold increase in 
resistance after ten transfers. Garrod [62] was 
able to show that A. bovis is fairly constant in its 
sensitivity to penicillin. Of thirty strains studied, 
none required more than 0.25 units of penicillin 
per ml. of culture medium to inhibit growth and 
the vast majority required less. 

Holm [4] has reported some extremely inter- 
esting investigational data that serves to clarify 
the apparent discrepancy between sensitivity 
studies in different laboratories. Testing suspen- 
sions of twenty-nine indisputably human patho- 
genic anaerobic actinomyces, he found each to 
be just as sensitive as staphylococci to penicillin. 
However when he tested the penicillin sensitiv- 
ity of whole colonies, the various strains fell in 
their responsiveness into two distinct groups, 
one being much more resistant than Staphylo- 
coccus aureus, the other being only slightly 
more resistant. He attributed this to the com- 
pactness of the colony which renders it rela- 
tively impermeable to any therapeutic agent. 
His results have been confirmed by Garrod [62] 
who found the concentration of penicillin 
required to inhibit growth from whole colonies 
of actinomyces to be five times that necessary to 
inhibit growth of a ground up suspension. Such 
an explanation does help resolve some of the 
conflicting sensitivity studies. More important 
still, it explains why such high dosage and such 
sustained administration of penicillin is required, 
for the actinomyces have the very unique 
tendency to duplicate their in vitro colonial 
growth in tissue by the formation of granules, 
and the permanency of cure depends upon how 
thoroughly all organisms are destroyed, includ- 
ing those lying deep within the granules. 
Exceptionally high concentrations of penicillin 
are necessary, therefore, first to penetrate areas 
of fibrosis, and then to penetrate the colony of 
the fungus itself [62]. 

At the same time one must be cognizant of the 
fact that an occasional failure will attend the 
treatment of systemic actinomycosis with peni- 
cillin alone. In an attempt to obviate this 
possibility it was once popular to give penicillin 
and sulfadiazine in combination [63-66], al- 
though the zn vitro studies of Dobson and Cutting 
[55] indicated that the two drugs together had 
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no synergistic effect and in some instances the 
combination appeared even less effective than 
sulfadiazine alone. Nowadays, aided by current 
emphasis on the broad-spectrum antibiotics, the 
combined use of penicillin and sulfadiazine is 
seldom advocated, although Delarue still con- 
tends that together they comprise the best avail- 
able treatment [67]. Generally speaking, the 
broad-spectrum antibiotics do show greater in vitro 
effectiveness against A. bovis than does sulfadia- 
zine. Even so, the prolonged administration of a 
broad-spectrum antibiotic has certain inherent 
hazards and for this reason their routine use 
either alone or in combination is probably an 
unwise choice. If the patient is sensitized to 
penicillin or fails to respond to adequate 
penicillin therapy, this is quite a different 
matter. 

In selecting a substitute for penicillin there 
are a number of possibilities. Streptomycin is one 
of the less effective drugs, yet in a few instances 
it has proved remarkably successful [68-70], 
having on one occasion arrested the disease after 
penicillin, sulfonamides, iodides and various 
surgical measures had failed [70]. The fact that 
relatively high serum concentrations of strepto- 
mycin are attainable undoubtedly accounts for 
its occasional success, tor Garrod [77] in testing 
twelve strains of A. bovis demonstrated that the 
minimum inhibitory concentration of strepto- 
mycin was almost fifty times that of penicillin 
and about twelve times that of the more effec- 
tive broad-spectrum antibiotics. A few strains 
were considerably more sensitive, but add to 
their initial sensitivity the tendency to develop 
quickly as much as 250-fold increase in resistance 
to streptomycin in vitro [67], and it becomes an 
inferior drug for treating the average case of 
actinomycosis. Dihydrostreptomycin has also 
been evaluated and found to be among the least 
encouraging of the available antibiotics [73]. 

Nevertheless, from the theoretical point of 
view there is another side to this question. 
Jepson, Rose and Tonkin [72], for example, 
advocate the combination of penicillin and 
streptomycin for actinomycosis, the streptomy- 
cin being intended not for the actinomyces but 
against the other organisms that are nearly 
always present. In 1905 Wright [73] was im- 
pressed with the frequency with which various 
bacteria accompanied A. bovis, often being in- 
timately associated with granules. Special 
attention has been paid Actinobacillus actino- 
mycetem comitans, originally recovered from 
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Fic. 4. Thirty-one year old Negro man with cavitary lesion in the right upper lung field (/eft). Sputum 
was persistently loaded with gram-positive actinomyces and A. bovis was repeatedly recovered in cul- 
ture. Despite several weeks’ intensive antibiotic therapy the cavity was unchanged. Resected speci- 
men showed a bronchiectatic cavity without any evidence of actinomycosis. There is insufficient proof 
to justify a diagnosis of actinomycosis. Whether the actinomyces were saprophytic or responsible 
for the lung abscess is a matter of conjecture. Such cases should not be cited as proved instances of 


actinomycosis. 


actinomycotic lesions by Klinger [74] and 
subsequently by others [74-77]. Holm [4,78,79] 
is of the opinion that other organisms can 
invariably be found and refers to them as 
“other microbes” or ‘‘associates.”” These are 
sometimes sensitive to penicillin but they are for 
the most part gram-negative anaerobic bacilli or 
coccobacilli which tend to be penicillin resistant. 
It is generally agreed that these organisms are 
partly responsible for initiating actinomycotic 
infections, but what their role might be in 
perpetuating the infection is not known. In 
any event, when the response to penicillin is 
poor one might keep in mind the possibility of a 
resistant bacterial associate, although we our- 
selves would be more inclined to suspect an 
undrained abscess or some more significant 
underlying disease, such as an unrecognized 
malignant lesion or tuberculosis, that might 
account for persistence of the infection. 

There have been many in vitro sensitivity 
studies indicating that the broad-spectrum 
antibiotics should be successful in treating 
actinomycosis. Littman, Phillips and Fusillo 
[80] tested six strains of A. bovis and found 
them to be inhibited in concentrations of 
chloramphenicol ranging from 0.005 to 0.1 ug. 


per ml., indeed a marked degree of sensitivity. 
Strauss et al. [60] evaluated a number of anti- 
biotics and found chloramphenicol to be as 
effective as penicillin, although none of the 
three strains tested manifested the extremely 
high sensitivity reported by Littman and 
co-workers [80]. Garrod’s study [77] showed 
that all three of the original broad-spectrum 
antibiotics should be therapeutically effective, 
oxytetracycline and chloramphenicol producing 
greater in vitro inhibition than chlortetracycline 
although by no means as much as penicillin. 
Moreover, because of the instability of chlor- 
tetracycline he thought that any test such as this 
requiring prolonged incubation provided an 
unfair assay of the true activity of the drug. 
Hence, he suspected that it probably approxi- 
mates the other two in real effectiveness. 
Howell [87] found oxytetracycline to be 
bacteriostatic for all strains of actinomyces 
tested in a concentration of 5 wg. per ml. Fusillo 
et al. [82], working with three strains of A. bovis, 
demonstrated inhibition of all strains by erythro- 
mycin in 0.1 wg. per ml. concentration. Suter and 
Vaughan [73] confirmed the findings of Fusillo 
[82] with regard to the extreme sensitivity to 
erythromycin, finding marked inhibition of 
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growth in concentrations of 0.005 ug. per ml. 
The three strains tested were also highly sensi- 
tive to bacitracin and carbomycin, and to a 
slightly lesser degree to chlortetracycline, tetra- 
cycline, oxytetracycline and chloramphenicol. 
An in vivo study in mice by Geister and Meyer 
[83] showed chlortetracycline and penicillin to 
be of about the same order of effectiveness. 

It is not surprising, therefore, that clinical 
cases of actinomycosis should prove amenable to 
the broad-spectrum antibiotics. Well substan- 
tiated cures have now been reported with 
chlortetracycline [84-90], chloramphenicol [97], 
oxytetracycline [92], tetracycline [93] and eryth- 
romycin [94]. Other reports have confirmed 
their effectiveness in combination with other 
chemotherapeutic agents or with one another 
[95-99]. In addition there have been several 
patients cured with administration of isoniazid 
[700-702], in doses a good deal higher than for 
tuberculosis, and with stilbamidine [703]. 

Regardless of such claims, penicillin remains 
the undisputed drug of choice. Should sup- 
plemental therapy become necessary, in vitro 
sensitivity studies provide the best guide to a 
successful choice. 


NOCARDIOSIS 


Nocardiosis, which is comparable to actino- 
mycosis in so many respects, is likewise a 
chronic suppurative mycotic infection with a 
similar although less pronounced propensity for 
abscess and sinus tract formation but a more 
marked capacity for hematogenous dissemina- 
tion. ‘The primary site of involvement is usually 
the lungs. Especially noteworthy is the tendency 
for it to spread to the brain where it may resem- 
ble a brain tumor, brain abscess or meningitis. 

Nocardiosis, despite its occurrence in all parts 
of the world and notwithstanding the ease with 
which nocardia can be recovered in culture, has 
been infrequently recognized, usually being 
misdiagnosed as actinomycosis or tuberculosis. 
Even when its true identity has been appre- 
ciated, it is apt to be regarded as little more than 
an unusual and often fatal variant of actinomy- 
cosis. Being unamenable to indiscriminate chem- 
otherapy, nocardiosis is not likely to be eradi- 
cated in the subclinical stage, as is actinomycosis. 
Hence, while the importance of actinomycosis 
may be diminishing, that of nocardiosis seems to 
be growing. We suspect that it is a disease far 
more common than the number of reported 
cases would suggest. 
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Easily the most important member of the 
genus nocardia is Nocardia asteroides, an 
aerobic, gram-positive, branching filamentous 
fungus that is variably acid-fast and is responsi- 
ble for most cases of nocardiosis. For several 
reasons its identity may be missed. From their 
tendency to fragment into short segments, 
nocardia may pass for bacteria (as may actino- 
myces). Being acid-fast and often associated with 
chronic lung disease, N. asteroides may be 
confused with Mycobacterium tuberculosis. 
Because of its relatively rapid growth and 
chromogenicity it may be discarded as a sapro- 
phytic mycobacterium. Another source of con- 
fusion is the seldom appreciated ability of 
nocardia to form actinomycotic granules quite 
like those of actinomycosis. Also, nocardia too 
can reside in the human body in a purely 
saprophytic role. The chief difference between 
the two is the preference of actinomyces for 
teeth, gums and tonsils, and the predilection of 
nocardia for the tracheobronchial tree par- 
ticularly in patients with bronchiectasis or 
other chronic bronchopulmonary disease. One 
must be wary, therefore, of attaching too 
much significance to every cultural recovery 
of nocardia. 

Over and above the fact that one is anaerobic 
and the other aerobic, actinomyces and nocardia 
exhibit other important differences. In contrast 
to the fastidious growth requirements of actino- 
myces, the nocardia are easily cultured, growing 
well on all common laboratory media both at 
room and incubator temperatures. Unlike the 
actinomyces, nocardia are readily recoverable 
from sources in nature. N. asteroides is usually 
highly pathogenic for laboratory animals, 
whereas the inoculation of the same animals 
with pure cultures of A. bovis is seldom capable 
of reproducing the disease. Certainly the most 
important distinction lies in the varying drug 
sensitivities and contrasting therapeutic response 
of the two diseases. 

Partly because of greater virulence of the 
organism and partly because of its greater 
resistance to drug therapy, nocardiosis repre- 
sents a more trying therapeutic problem than 
does actinomycosis and carries with it a lower 
likelihood of success. All too often the diagnosis 
is made so late in the course of the disease that 
therapy is worthless. Also in a regrettably large 
number of cases the correct diagnosis is estab- 
lished only at autopsy. To regard the disease as 
incurable is unwarranted, however, for there 
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Fic. 5. A young Negro man in whom innumerable draining sinuses developed involving the neck, face, chest, back and 
abdomen following a tooth extraction four years earlier. Routine chest roentgenograms revealed an osteolytic lesion in 
the seventh left anterior rib but no evident pulmonary disease. N. asteroides was cultured from the chest and inguinal 
sinuses as well as from the marrow of the involved rib. Sulfadiazine was given without interruption for the next three 
and a half years before all sinuses healed. He has remained well. 


have been a small but mounting number of 
arrested cases. Provided the diagnosis is made 
reasonably early, the institution of vigorous 
unrelenting chemotherapy provides a fairly 
good chance for the patient’s recovery. 

Before sulfonamides became available, the 
treatment of nocardiosis was no different than 
that of actinomycosis. Instead of an occasional 
salvaged case, however, the results were uni- 
formly bad. Seldom was the diagnosis established 
in time to permit treatment of any kind, and then 
it was largely supportive. Spontaneous remis- 
sions were almost unheard of. Surgical measures 
alone were ineffectual. So frustrating an experi- 
ence was it that the senior author (J. H. S.) 
in several early cases tried rectal ether instilla- 
tions and repeated periods of deep ether anes- 
thesia after noting in the laboratory how 
sensitive to ether vapor were colonies of no- 
cardia. Unfortunately there was no significant 
response to this or any other form of therapy 
prior to the introduction of the sulfonamides. 

Success in treating systemic nocardiosis was 
not reported until 1944, when Benbow, Smith and 
Grimson at Duke University published an ac- 
count of two arrested cases [704]. Both received 
sulfonamides because of their recently estab- 


lished success against actinomycosis. Actually, 
both patients manifested very indolent disease 
processes; the first presenting a _ nocardial 
pneumonitis associated with draining sinuses 
in the neck, chest and hip; the second, a sub- 
cutaneous abscess on the chest wall followed 
by multiple lung abscesses and _perirectal 
abscess. The first patient received only a three- 
week course of sulfanilamide followed by x-ray 
therapy, local compresses, potassium iodide in 
large doses, multiple surgical drainages and 
excisions of sinuses, multiple blood transfusions 
and general supportive measures. The no- 
cardial pneumonitis cleared and the draining 
sinuses in the neck, chest and hip disappeared. 
The other patient received sulfadiazine, pre- 
sumably for no more than two weeks, together 
with potassium iodide, transfusions, surgical 
drainage, vitamins and x-ray therapy. Again 
there was a surprisingly good therapeutic 
response. In 1946 Shaw, Holt and Ray [705] 
reported a patient with disseminated nocardosis 
who was eventually cured by combined penicil- 
lin and sulfadiazine administration following 
drainage of an abscess in the right buttock and 
empyema in the left pleural space. Potassium 
iodide and thymol had not been beneficial. 
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Although the most marked improvement fol- 
lowed the institution of sulfadiazine, recurrence 
of the empyema developed more than a year 
later, and on that occasion there was a prompt 
response to penicillin alone. Thus, in none of 
these cases was there sufficient grounds to 
consider the sulfonamides to have been a crucial 
or even very important part of treatment. 
However, better proof soon followed. Kirby 
and McNaught [706] demonstrated the effective- 
ness of sulfadiazine in a patient with pulmonary 
nocardiosis who responded repeatedly to short 
courses of this drug. Due apparently to inade- 
quate therapy, death ultimately resulted from 
disseminated disease. One could hardly ask for a 
more forceful example of the need for intensive 
long term treatment. Glover and co-workers at 
the Mayo Clinic [707] reported another arrested 
case in 1948. The patient, a physician ill with 
nocardial pneumonitis and empyema, failed to 
respond to penicillin and streptomycin. The 
adininistration of sulfadiazine, however, 1,268 
gm. administered orally over a five-month 
period and 75 gm. intrapleurally, succeeded in 
eradicating the disease permanently [708]. Also 
in 1948, a patient with severe nocardial menin- 
gitis was reported cured by combined therapy 
with sulfadiazine and penicillin [709]. In addi- 
tion, a patient with nocardial cervical adenitis 
secondary to a tooth extraction was apparently 
cured by extended sulfadiazine administration 
[770]. In 1951 a third successfully treated case 
was reported from Duke University [777], once 
again illustrating the need for vigorous sul- 
fonamide therapy in conjunction with surgical 
drainage. The case of Thomas and Pulaski [772] 
is instructive in that improvement ensued, not 
after tetracycline and erythromycin were ad- 
ministered, but only after sulfadiazine was 
instituted. The same was true of Webster’s 
cases [773]. In four instances sulfadiazine 
eventually produced complete recovery, whereas 
in three additional patients chemotherapy, 
although beneficial, was being continued be- 
cause of persistence of active disease. Larsen, 
Diamond and Collins [774] have recently pre- 
sented seven cases of nocardiosis, five of them 
occurring as a complication of a malignant le- 
sion. Although sensitivity tests were encouraging, 
antibiotic therapy was not particularly helpful 
in treating the infections. The authors concluded 
that sulfonamides might well have proved more 
effective and should have been used. Reports of 
at least seven additional cases cured by sul- 
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fadiazine have appeared [7,775-777], including 
four cases of our own [7]. 

Insofar as we can determine, only one patient 
has been cured with administration of the 
broad-spectrum antibiotics. This was a case of 
pulmonary nocardiosis reported from Puerto 
Rico in 1957 [778]. Penicillin, tetracycline and 
small doses of sulfadiazine had been given with- 
out any apparent success. Even though the 
organism was resistant to chloramphenicol in 
vitro, administration of this drug ultimately 
achieved a good result. Nevertheless, there is 
ample testimony that sulfadiazine is the drug 
of choice. 

N. asteroides is relatively resistant, however, 
and for maximum effectiveness it is probably 
advisable to administer an additional drug along 
with it for whatever inhibitory effect it may 
add. Unfortunately, the choice of an ancillary 
drug is not always a simple matter. Sensi- 
tivity studies can be quite deceptive, drugs 
that seem efficacious in vitro often manifesting 
little clinical benefit. For instance, both Strauss’ 
group [60] and Runyon [779] have shown that 
antibiotics like chlortetracycline and _ strepto- 
mycin may exert a greater suppressive action 
in vitro than does sulfadiazine and yet be 
decidedly inferior to sulfadiazine in clinical 
effectiveness. The crucial animal protection 
experiments of Strauss et al. [60] have shown 
sodium sulfadiazine to provide almost perfect 
protection against N. asteroides. Halde and 
Newstrand [720] found sulfadiazine to be rela- 
tively ineffective in vitro against most strains of 
N. asteroides, but the same drug in fairly large 
dosage significantly lowered the death rate in 
mice infected with one of the non-sensitive 
strains. From this they concluded that fungistatic 
action at concentrations below that required for 
complete inhibition of growth is all that is 
needed to enable the host’s natural defense 
mechanisms to overcome the infection. 

In our experience fresh isolates of N. asteroides 
are usually significantly inhibited by sul- 
fadiazine in a concentration of 10 mg. per cent 
but the degree of inhibition is not augmented by 
increasing the concentration four- or fivefold. 
Some strains are similarly suppressed by strepto- 
mycin without any additional inhibitory effect 
from increasing the concentration of strepto- 
mycin. We have observed the same phenomenon 
with broad-spectrum antibiotics. Stilbamidine 
and 2-hydroxystilbamidine may be nocardio- 
static to the point of producing complete 
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Fic. 6A. A thirty-nine year old electrician with cough 
and right pleuritic chest pain of about one year’s dura- 
tion. Chest roentgenograms revealed a dense infiltration 
involving the right midlung field. 


inhibition by concentrations attainable in man. 
MRD-112, a fencholate, also is quite effective, 
achieving in some instances complete suppres- 
sion of growth in a concentration of 1 mg. per 
ml. of medium. Amphotericin B, so promising 
against many of the more resistant mycoses, has 
no apparent suppressive effect on nocardia in 
vitro. 

In dealing with sixteen cases of nocardiosis we 
can Claim only limited success. However, in the 
majority of the fatal cases the diagnosis was made 
at autopsy or at best in the terminal stage. Five 
patients are considered cured. Another patient 
with coexisting nocardiosis and tuberculosis was 
apparently cured following prolonged drug 
therapy and pneumonectomy for residual dis- 
ease, but succumbed postoperatively of a pul- 
monary embolus. In addition, we have had one 
patient with nocardiosis of the cervical lymph 
nodes due to Nocardia brasiliensis, which healed 
during tetracycline therapy. 

Our experience leads us to believe that the 
best chance for recovery rests in vigorous 
chemotherapy combined, when indicated, with 
the intelligent use of surgical drainage or 
resection. The combination of sulfadiazine with 
one of the more effective broad-spectrum anti- 
biotics or streptomycin is probably a wise choice 


Fic. 6B. Same patient. An abscess later appeared on the 
right shoulder, and N. asteroides was obtained in pure 
culture from the drainage site. He received nine months’ 
treatment with sulfadiazine and remains well. 


initially. A daily dose of 4 to 6 gm. of sul- 
fadiazine combined with 2 gm. of the antibiotic 
of choice is a reasonable regimen for an adult, 
but the sulfadiazine may be increased to 8 or 9 
gm. per day in severely ill patients. After 
sensitivity tests have been reported, one may 
choose to modify therapy, particularly when the 
initial response is disappointing. In this connec- 
tion it must be remembered that nocardiosis, 
like tuberculosis, is basically a chronic disease, 
and immediate amelioration of symptoms or 
prompt improvement in the roentgenogram is 
not to be expected. 

The question of duration of therapy is like 
that of tuberculosis and actinomycosis. If recur- 
rence is to be prevented, treatment should cer- 
tainly be continued for several months after 
clinical manifestations have disappeared and 
the disease has stabilized. One of our patients 
required three years of continuous therapy before 
all sinus tracts closed and permanent cure was 
effected. 

Surgery may be necessary to remove nocardial 
residua and is of course indispensable for the 
evacuation of abscesses and empyemas. Histo- 
logically there tends to be less fibrosis associated 
with nocardiosis than with actinomycosis; 
hence the reason for high persistent dosage lies 
more in the organism’s virulence and refrac- 
toriness to chemotherapy than to any difficulty 
in getting adequate concentrations because of 
scarring. Perhaps this also accounts for the 
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Fic. 7A. A fifty-six year old white man with pain in the 
left side of the chest of several months’ duration, mild 
temperature elevation and blood streaked sputum. 
Unilateral wheeze was audible over the lower lobe of the 
left lung. X-ray films disclosed a mass in the left midlung 
field. 


fact that pulmonary resection seems less fre- 
quently required in nocardiosis. The case of 
Connar et al. [777] illustrates the point that 
nocardiosis may occasionally resemble bronchial 
carcinoma and for that reason be subjected to 
thoracotomy. The need for postoperative chemo- 
therapeutic coverage also is well illustrated by 
their patient, in whom empyema developed 
postoperatively. It was only then that the diag- 
nosis was changed from lipoid pneumonitis to 
nocardiosis. On intensive sulfadiazine therapy 
the patient ultimately recovered. We have had 
two patients in whom chest roentgenograms 
suggested carcinoma. Following resection and 
postoperative sulfadiazine administration both 
went on to ultimate recovery. 

Occasionally, pulmonary resection will be 
required to eradicate a residual nocardial lung 
abscess. Interestingly enough, the group that 
most frequently had to resort to surgery did not 
use sulfadiazine in any significant amount [774]. 
When nocardiosis and tuberculosis coexist, how- 
ever, pulmonary resection is more likely to be 
utilized, as in the case of Hall and Cooley [776]. 
This was also true of our sole patient with the 
two coexisting diseases. 

The value of surgical procedures outside the 
chest is well depicted by the patient of Bianco, 
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Fic. 7B. Tomograms showed a thick walled cavity sug- 
gestive of bronchial carcinoma. Left pneumonectomy 
was performed. Nocardia species was recovered from the 
specimen in pure culture and demonstrated in tissue. 
Patient remains well. All such patients should receive 
a postoperative course of sulfadiazine to preclude 
recurrence. 


Johnson, Martin and Nichols [727] who required 
extensive drainage and unroofing procedures of 
both lower extremities before overcoming the 
disease. Cerebral abscesses due to N. asteroides 
appear to have been cured by craniotomy both 
with [722] and without [723] ancillary sul- 
fonamide administration, but as with nocardiosis 
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elsewhere, even when all gross evidence of 
disease has been resected an intensive course of 
therapy should probably be instituted to insure 
against recurrence. 


SUMMARY 


Actinomycosis and nocardiosis are closely 
related and often clinically indistinguishable 
diseases, chronic pleuropulmonary involvement, 
subcutaneous abscesses and multiple draining 
sinuses typifying both. Nevertheless they possess 
too many essential differences to be considered 
anything but two separate and distinct diseases. 
Especially important is the difference in therapy. 
Stated in the most elementary fashion, if one 
chooses io treat with penicillin all diseases caused 
by branching, fragmenting, filamentous fungi, 
then most patients with actinomycosis_ will 
recover, while almost all patients with nocardio- 
sis will die. 

The natural habitat of A. bovis is the human 
mouth; that of the nocardia is soil. Either can 
exist saprophytically in the oropharynx or 
respiratory tract, however, and mere recovery 
of the organism from sputum does not constitute 
absolute proof of the disease. 

A. bovis is extremely sensitive to penicillin and 
for actinomycosis this constitutes the treatment 
of choice. The sulfonamides, although responsi- 
ble for many earlier cures, show a far inferior 
inhibitory effect. Jn vitro sensitivity studies and 
clinical use have also shown that, depending 
upon strain sensitivity, one or another of the 
broad-spectrum antibiotics may be highly 
effective, so much so that undoubtedly some 
cases of very early actinomycosis are cured by 
random antibiotic therapy of seemingly minor 
infections without even suspecting the possibility 
of actinomycosis. 

N. asteroides, the cause of most cases of 
systemic nocardiosis, is a relatively resistant 
organism, much less likely to be eradicated by 
indiscriminate drug administration. Perhaps this 
accounts for the growing importance of nocar- 
diosis as opposed to the contrasting decrease in 
frequency of actinomycosis. All strains of 
nocardia that we have isolated have shown 
marked penicillin resistance. Sulfadiazine ex- 
hibits greater in vitro effectiveness and provides 
the best animal protection. More important 
still, its use in clinical nocardiosis has proved 
life-saving and has been responsible for prac- 
tically every clinical recovery. The _ broad- 
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spectrum antibiotics and streptomycin show a 
less marked and more variable inhibitory effect. 
Because of the extremely serious implications of 
most nocardial infections sulfadiazine is prob- 
ably best combined with whatever drug appears 
most effective in vitro. Regardless of sensitivity 
tests, however, sulfadiazine should constitute the 
one essential component of any drug regimen for 
nocardiosis. 

Basically, both actinomycosis and nocardiosis, 
like tuberculosis, are chronic diseases and a 
dramatic response to therapy should not be 
expected. Both diseases, but especially actino- 
mycosis, produce a markedly fibrotic tissue 
reaction. This coupled with the tendency for 
organisms to accumulate in colonies in tissue 
(actinomycotic granules), makes it difficult to 
obtain effective drug levels in the areas of infec- 
tion and within the compact granules them- 
selves. Moreover, N. asteroides is notoriously 
resistant to all forms of therapy. Therefore, in 
both diseases the’ earlier treatment is instituted 
the greater the chance for cure. Chemotherapy 
must be continued in high dosage for prolonged 
periods if relapse is to be prevented. 

The judicious use of surgical procedures such 
as drainage and resection is likewise indispensa- 
ble in certain cases. 
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Clinicopathologic Conference 


Pulmonary Infiltration, Diarrhea, Weight 
Loss and Fever 


TENOGRAPHIC reports, edited by Lillian Recant, m.p. and W. Stanley Hartroft, u.p. of 
S weekly clinicopathologic conferences held in the Barnes and Wohl Hospitals, are 
published in each issue of the Journal. These conferences are participated in jointly by 
members of the Departments of Internal Medicine, Preventive Medicine, and Pathology 
of the Washington University School of Medicine and by Junior and Senior medical 


students. 


HE patient was a fifty-one year old white 

housewife who entered Barnes Hospital on 
April 27, 1959, with the chief complaint of 
fever of two weeks’ duration. She died on April 
29, 1959. 

The patient had been in good health until 
approximately five years before admission at 
which time she noted the onset of moderately 
incapacitating lethargy and easy fatigability. 
Because of these symptoms she was seen by her 
family physician who told her that she probably 
had pernicious anemia and treated her with 
monthly injections of vitamin B,2. These were 
maintained over the ensuing four to five years 
without apparent symptomatic improvement. 

In February 1959, following the death of a 
family member, she experienced an increased 
severity of her lethargy and fatigability; asso- 
ciated with this was the appearance of inter- 
mittent watery diarrhea, frequently with bright 
red blood and possibly mucus streaking the 
stools. She was hospitalized at a community hos- 
pital where the subsequent evaluation including 
gastrointestinal roentgenograms was entirely 
within normal limits. Following discharge she 
seemed to improve without specific therapy until 
two weeks before her admission to Barnes 
Hospital, when she became extremely lethargic, 
anorectic and experienced a recurrence of her 
gastrointestinal symptoms. She was readmitted 
to the community hospital where again the 
clinical and laboratory evaluation, including 
barium enema, proctoscopy and rectal biopsy, 
revealed no abnormalities. However, she was 
noted to be febrile and, because of the obscure 
nature of her fever, she was transferred to Barnes 
Hospital for further evaluation. 

There had been a 30-pound weight loss since 


February 1959. The patient’s appetite had been 
extremely poor throughout this time. There was 
no history of dyspnea, pain in the chest, ab- 
dominal pain or food intolerance. 

Physical examination revealed the following: 
The patient was noted to be a pale, chronically 
ill white woman. The pulse was 90 per minute, 
respirations 32 per minute, temperature 38.7°c., 
and blood pressure 108/60 mm. Hg. There was 
slight pallor of the conjunctivas and mucous 
membranes. The upper respiratory tract and eye 
examinations were within normal limits. The 


‘neck was supple, and there was no venous disten- 


tion. The thorax was symmetric and the lungs 
were Clear to percussion and auscultation. The 
heart was not enlarged; the rhythm was regular; 
the tones were of good quality and there were 
no murmurs. The abdomen was flat and sym- 
metric, without signs of fluid, or palpable organs 
or masses. The rectal examination and the neuro- 
logical examinations revealed no abnormalities. 

Admission laboratory data was as follows: 
The packed red cell volume was 38 per cent, 
white blood cells 13,800/cu. mm., basophils 
2 per cent, juvenile forms 1 per cent, band forms 
5 per cent, segmented forms 45 per cent, 
lymphocytes 43 per cent, and monocytes 4 per 
cent. The platelets appeared adequate. Urinaly- 
sis revealed specific gravity 1.021, reaction 4.5, 
4-plus albuminuria, and was negative for reduc- 
ing substances and microscopic examination of 
the urine sediment. Stool examination was 
within normal limits. Cardiolipin was not ob- 
tained. Blood urea nitrogen was 21 mg. per cent, 
fasting blood sugar 114 mg. per cent, sodium 
125 mEq./L., potassium 4.6 mEq./L., chloride 
89 mEq./L., and the carbon dioxide combining 
power 26.3 mEq./L. Stool culture was inter- 
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preted as showing a heavy growth of Esciierichia 
coli and a moderate growth of alpha hemolytic 
streptococci. All agglutination reactions for 
salmonella were negative. Roentgenogram of the 
chest revealed a fine miliary mottling uniformly 
distributed throughout both lung fields. A calci- 
fied Ghon focus with calcification of the left 
hilar lymph nodes was noted in the left lung. 

Repeat hemogram performed on the first 
hospital day showed a red blood cell count of 
3.4 million/cu. mm., hemoglobin 11.2 gm. per 
cent, white blood cell count of 20,950/cu. mm. 
with band forms 3 per cent, segmented forms 
71 per cent, lymphocytes 21 per cent, and 
monocytes 5 per cent. Hematocrit was 34 per 
cent, and the corrected sedimentation rate was 
42 mm./hour. 

The patient did not appear acutely or 
critically ill at the time of admission. Her 
temperature declined on the night of admission 
to normal levels, but subsequently rose to 
39°c. during the ensuing twenty-four hours. Her 
respiratory rate remained approximately 30/ 
minute throughout her brief period in the 
hospital, but she appeared only mildly dyspneic 
and was never cyanotic. Approximately twenty- 
six hours after admission she complained of 
nausea and had an emesis of 100 cc. of clear fluid. 
Subsequently she remained nauseated and 
somewhat dizzy. Blood pressure was noted to 
be 60/40 mm. Hg and she appeared slightly 
more dyspneic. Shortly thereafter her respira- 
tions stopped and she died. 


CLINICAL DISCUSSION 


Dr. Sot SHerry: The patient under discus- 
sion today presents a difficult problem in differ- 
ential diagnosis and I doubt whether we can 
arrive at a correct diagnosis. 

As you recall, our patient had two hospitaliza- 
tions at another hospital, two months and two 
weeks before her only admission to Barnes 
Hospital. The records of the admissions, the 
rectal biopsy and her roentgenograms have been 
made available to us. The latter will be reviewed 
by Dr. Humphrey. Results of the rectal biopsy 
were reviewed by Dr. Lauren Ackerman. The 
specimen consisted of a portion of the mucosa 
and submucosa of the rectum; there was some 
hyperemia and evidence of increased mucous 
production but no other evidence of disease. 

Additional information garnered from her 
records revealed that on her first admission she 
had a mild anemia, the stools were positive for 
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blood, but the urine examination, chest roent- 
genogram and electrocardiogram were within 
normal limits. On her second admission, anemia 
was noted again; all three urine specimens 
examined then contained 3- to 4-plus proteinuria 
with a relatively normal urinary sediment; an 
intravenous pyelogram revealed no abnormali- 
ties; and an electrocardiogram revealed ST and 
TI’ wave changes interpreted as anteroseptal 
myocardial ischemia. 

Dr. Humphrey, would you review the roent- 
genograms for us? 

Dr. Harvey A. HumpuHrey: A _ roent- 
genogram of the chest was the only examination 
we accomplished. It shows a well calcified pri- 
mary complex in the lower lobe of the left lung 
and hilum. There was a slight exaggeration of 
the normal reticular pattern in the lung. There 
appeared to be an inflammatory infiltrate which 
was more pronounced in the bases than in the 
upper lobes. Lateral films showed fibrosis and 
nodulation in the upper lobes which I suspect 
was chronic reinfection pulmonary tuberculosis 
of minimal severity. The interpretation of these 
findings is difficult. This could be miliary 
tuberculosis, a miliary pneumonia of unknown 
etiology or it could be some interstitial fibrosis. A 
review of the roentgenograms obtained outside 
Barnes Hospital revealed the following: In 
February, examination of the chest looked quite 
normal. A gastrointestinal series was also per- 
formed at that time; this included a barium 
enema. The stomach, duodenum, jejuneum and 
ileum looked normal. In the colon, however, 
there was some loss of haustrations; there was 
also some slight serration in the outline. I think 
that these were the early stages of an idiopathic 
ulcerative colitis. 

Dr. SHERRY: What is your final diagnosis of 
the roentgenograms? 

Dr. Humpurey: Idiopathic ulcerative colitis 
and pulmonary infiltrate. 

Dr. SHERRY: Dr. Goldman, were you im- 
pressed with this pulmonary infiltrate? 

Dr. ALFRED GOLDMAN: It looked like a miliary 
lesion to me, not very striking, but nevertheless 
present, and I thought that I could also see 
something of the sort marked in the roentgeno- 
gram of the chest taken in February, so it would 
represent a progressive process since that time. 

Dr. SHERRY: What would you consider seri- 
ously in the differential diagnosis of the pul- 
monary lesion? 

Dr. GoLpMAN: A miliary lesion of the lung in 
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this geographic area suggests miliary tuberculosis 
or histoplasmosis. However there are many 
other lesions that can produce a miliary picture 
of this sort, many of which need not be men- 
tioned. There have been as many as some eighty 
odd diseases described that may cause a miliary 
picture. In this case, a chronic granuloma would 
be my first choice. Acute diffuse interstitial fibro- 
sis is also possible. We have no symptoms that 
would suggest this diagnosis except terminally. 
A collagen disease, I believe, should be included, 
because of the story of a long standing disease. 
A miliary picture in periarteritis is rare but may 
be present. The pattern usually is that of a 
changing type of roentgenographic picture 
rather than a miliary type. Bronchiolitis-fibro- 
obliterans should be mentioned. We have no 
history of inhalation of fumes of any sort, but 
the disease can occur as a result of chronic 
fibrosis of chronic lung lesions, such as bronchitis, 
asthma or influenza. Acute bacterial pneumonias 
can give you such a picture. It is rare, but one 
may see it with a staphylococcus or streptococ- 
cus, or even the salmonella organisms. I think we 
would have seen much more progressive disease 
since February if that were true. One should 
mention histiocytosis, but there is nothing else to 
substantiate the diagnosis. 

Dr. SHERRY: Then you believe we must give 
serious consideration to any number of diseases 
which cause a diffuse infiltration of the lung. 
Since this doesn’t help too much, let us refer to 
the gastrointestinal tract. Dr. Scheff, what are 
your views about the nature of the lesion in this 
case? 

Dr. Harotp Scuerr: The story is very sug- 
gestive of a non-specific ulcerative colitis. How- 
ever, the proctoscopic examination was essen- 
tially within normal limits except for a mild 
edema, and we know that in patients who have 
ulcerative colitis the most common site of 
involvement is the left side of the colon. The 
rectum and the sigmoid should have shown more 
definite changes than were actually seen. How- 
ever, it still is a tenable diagnosis. I do think that 
this picture of the colon, or maybe small intes- 
tine too, could be compatible with some systemic 
infection. We have seen the same process go on 
in a patient with tuberculosis, with histoplasmo- 
sis and also patients with Hodgkin’s disease. 

Dr. SHERRY: Our patient had a history of 
bloody stools for a two-month period. Would not 
one expect to find a more definite lesion if this 
were tuberculosis? 
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Dr. Scuerr: Yes, one would—tuberculosis, 
which is most likely a secondary infection, usu- 
ally involves the small intestine, the terminal 
ileum and also the right side of the colon. It is 
conceivable you may have involvement of the 
left side, too, but most of the involvement is in 
the small intestine, Peyer’s patches, and the 
cecum and ascending colon. 

Dr. SHERRY: What other types of disease 
should we seriously consider? 

Dr. Scuerr: I would seriously consider a 
systemic disease that can produce secondarily a 
picture of ulcerative colitis. Any disease we 
mention, like histoplasmosis, tuberculosis or any 
granulomatous disease could produce the same 
picture. 

Dr. SHERRY: Then you would say that any 
type of disease which might infiltrate the colon 
could produce a picture of this sort, Dr. Scheff? 

Dr. Scuerr: Yes, and I’ve seen exactly the 
same picture in patients who have neoplastic 
disease. 

Dr. Burton SuHatTz: In patients who present 
a picture compatible with idiopathic ulcer- 
ative colitis, other systemic diseases should 
also be considered such as amyloidosis and dis- 
seminated lupus erythematosus. Diarrhea may 
be a manifestation of some metabolic disturb- 
ance. For example, in Addison’s disease, patients 
may have episodic diarrhea of a rather severe 
nature. The patient in discussion did have some 
of the symptoms suggestive of Addison’s disease. 
For example, she had fatigability for five years, 
and death following an episode of hypotension 
with no evidence of hemorrhage. However, the 
elevated blood sugar, the absence of eosinophils, 
the admitting systolic blood pressure of 108 and 
the lack of pigmentation are, of course, all 
against this, and I do not consider this a very 
likely diagnosis in this case. 

Dr. SHERRY: What about blood streaking? I 
am aware that patients with Addison’s disease 
may have bouts of diarrhea which may be 
followed by an overt crisis, but does one also 
observe blood streaking? 

Dr. SHaAtz: In any patient who has diarrhea 
for a long period of time pre-existing lesions 
around the anal canal such as hemorrhoids or 
fissures may be caused to bleed and cause blood 
streaking of the stool. 

Dr. ScHeFF: We still have not considered very 
seriously the diagnosis of carcinoma in a patient 
that presented with diarrhea, mucus and 
blood. 
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Dr. SHERRY: So far, we have established very 
little. Let us turn to the kidney where we have 
evidence of 4-plus proteinuria existing in this 
patient for the last two weeks of illness without 
much in the way of other changes in the sedi- 
ment. Dr. Bricker, can you help us here? 

Dr. NEAL Bricker: The available data are 
limited but do, I believe, offer some help. The 
presence of 4-plus protein in the urine during the 
patient’s hospitalization at Barnes and also dur- 
ing a previous hospitalization suggests that the 
protein excretion was rather large. Obviously a 
qualitative concentration term cannot provide 
quantitative information about the twenty-four- 
hour excretion, but in general 4-plus proteinuria, 
even when the urine is concentrated, suggests 
that the twenty-four-hour excretion of protein is 
in excess of 2 gm. per day. 

Dr. SHERRY: The total urine volume on the 
first day of her admission here was 1,500 cc. 

Dr. Bricker: Then it seems certain that the 
rate of protein excretion was in excess of 2 to 
3 gm. per day. This suggests that the glomerular 
permeability to protein was increased, although 
this can occur without an intrinsic renal lesion 
(e.g., in congestive heart failure). I think that 
the evidence in this patient would favor an 
organic renal lesion. The presence of granular 
casts in the urine support this contention. In 
addition the patient’s blood urea nitrogen was 
elevated suggesting that her filtration rate was 
decreased. In the absence of marked contraction 
of extracellular fluid volume, congestive heart 
failure and other edema-forming stimuli, a 
decrease in filtration rate particularly in associa- 
tion with proteinuria and granular casts, is 
consistent with an organic renal lesion. The 
magnitude of nephron destruction could not 
have been marked however for several reasons. 
First, the absolute elevation of urea nitrogen was 
small; secondly, she was still able to concentrate 
her urine, even correcting for the amount 
of protein in the urine; and thirdly, the intra- 
venous pyelograms showed a normal ability to 
excrete and concentrate the dye. Therefore, with 
regard to the nature of the lesion, I think we can 
say that it was intrinsic to the kidney, was char- 
acterized by some nephron destruction, with 
increased glomerular permeability, without 
hematuria in the residual functioning nephrons; 
and that it may either be related to her under- 
lying disease, or totally coincidental. Amyloidosis 
has been mentioned. I think this could give the 
picture we see in this patient. 
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Dr. SHERRY: Then you would conclude that 
some kind of infiltration disease could produce 
this renal picture, or that it might be due to an 
incidental renal disease which she may have 
had. 

Dr. Bricker: Yes, I think that’s a fair state- 
ment. 

Dr. SHERRY: Dr. Recant, there have been 
some recent attempts to relate extensive pro- 
teinuria with anatomical changes in the 
nephrons. Would you comment on the current 
status of these observations? 

Dr. LituiANn RECANT: The introduction of the 
electron microscope in the study of experimental 
and clinical nephrosis has permitted the descrip- 
tion of a specific glomerular lesion which is 
associated with the presence of significant pro- 
teinuria. This lesion resides in the podocyte cell 
of the glomerulus. This cell is an epithelial cell 
which separates glomerular capillaries from 
Bowman’s space. It has foot processes which are 
regularly arranged against the filtering surface, 
so that filtration from the capillary lumen to 
Bowman’s space must be either through or 
between these structures. 

The association of changes in this cell with 
proteinuria stem from the following observa- 
tions: First it has been demonstrated that the 
new-born infant or animal has a physiologic 
proteinuria. These fetal animals and newborn 
rats have incompletely developed podocytes 
and the foot processes have not yet been ar- 
ranged in an orderly pattern. Secondly, recent 
reports have appeared of congenital nephrosis, a 
very rare disease which has been described in 
several members of a family. In this disease, the 
nephrosis is present at birth and it has been found 
that there may be a total absence of the foot 
processes. Thirdly, when you produce an experi- 
mental nephrotic syndrome, whether you do it 
with aminonucleoside, or antikidney serum, or 
any other method, you find progressive change 
in this podocyte cell, particularly in the foot 
processes, which become large and fuse over the 
filtering surface. Finally, in our studies with Dr. 
James Harkin, we demonstrated that prior to the 
development of proteinuria, in the experimental 
production of nephrosis, changes occurred in 
these foot processes. This adds up to a picture 
that associates the integrity of the foot processes 
of the podocyte cell with the absence of pro- 
teinuria and vice versa. 

Dr. SHERRY: Perhaps our diagnostic con- 
siderations would be helped by an explanation 
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of the terminal event. Dr. Smith, what caused 
her sudden death? 

Dr. JoHn R. SmitH: The circumstances of 
sudden death are often difficult to unravel from 
the circulatory viewpoint because the cessation 
of circulation from various causes give rise to 
many similar signs. Sudden death of the kind 
described here is frequently the result of one or 
more pulmonary emboli. On the other hand, as 
death was preceded by nausea and vertigo, it is 
possible that extreme disturbance of the central 
nervous system (affecting especially the auto- 
nomic system) may have occurred. The causes 
for such an event may also have been many, 
including intracranial hemorrhage or abscess. 

Dr. SHERRY: Do not our neurological col- 
leagues usually point out that although neuro- 
logical disorders frequently terminate fatally, 
they are usually not associated with sudden 
death? 

Dr. Situ: Yes. This is true except for 
vascular accidents or perhaps edema occurring 
in and around the brain stem, by which life may 
be terminated very suddenly by the disruption 
of vital processes. 

Dr. SHERRY: You do not believe that death in 
this patient could have occurred from cardiac 
origin, with acute heart failure? 

Dr. Situ: I am inclined to think that death 
was not of cardiac origin in this case. 

Dr. SHerry: Dr. Daughaday, I was im- 
pressed by the symptoms of languor and fatiga- 
bility, hypotension, and low serum sodium and 
chloride levels. Could death in this patient have 
been caused by the adrenal insufficiency? 

Dr. Daucuapay: The situation as 
you describe it, is entirely compatible with 
adrenal insufficiency, but it is also paralleled of 
course, in the number of chronic severe granu- 
lomatous diseases. Dr. Shatz’ differential diag- 
nosis is very good and I would agree with him 
entirely. The absence of pigmentation is most 
unusual in long standing Addison’s disease 
and it raised the thought in my mind that 
actually this might be hypoadrenalism secondary 
to pituitary disease. Is there any information 
available about this woman’s menstrual and 
reproductive history? Is there any suggestion at 
all that she might have had a pituitary infarction 
because unexplained anemia, lethargy and 
fatigue is common in panhypopituitarism. 

Dr. SHerry: I know that she had perfectly 
normal pregnancies which were uncomplicated. 

Dr. Daucuapay: This information would 


make hypopituitarism unlikely, but I don’t 
have enough data to reject the possibility 
entirely. 

Dr. SHERRY: It seems to me that an adequate 
diagnosis in this case should explain the follow- 
ing features: weakness and probably anemia of 
five years’ duration; intermittent diarrhea with 
occasional blood streaking, weight loss and 
debility of two month’s duration; recent onset 
of fever, pulmonary infiltration, and 4-plus 
proteinuria terminating in sudden death. These 
features appear to me to be most reasonably 
explained by a protracted systemic disease, infil- 
trating the lungs, kidneys, gastrointestinal tract, 
possibly the hematopoietic system, the heart and 
the adrenals. The differential diagnosis most 
seriously to be considered includes: a granulom- 
atous disease either on an infectious or non- 
infectious basis, some disseminated neoplastic 
disease; diffuse vascular disease; or some meta- 
bolic type disorder such as amyloidosis. Dr. 
Harford, what infectious granulomatous disease 
could explain this entire picture? 

Dr. Cart Harrorp: Although we have all 
agreed that there is not enough evidence to 
make a diagnosis, I think that the previously 
mentioned possibilities of tuberculosis and histo- 
plasmosis are good ones. The presence of a 
miliary lesion in a patient who lived in this area 
and some evidence of an adrenal lesion are sug- 
gestive of histoplasmosis. In this connection I 
should like to point out that Dr. Pinkerton has 
described at Jeast one case of histoplasma infec- 
tion of the colon. 

Dr. SHERRY: If a person had disseminated 
histoplasmosis, active enough to give bioody 
diarrhea for a period of two months, wouldn’t 
this person have had fever during the entire 
period of time? 

Dr. Harrorp: I should think so. 

Dr. SHERRY: And what about the 4-plus 
proteinuria? Would this be explainable on the 
basis of histoplasmosis? 

Dr. Harrorp: I should doubt that it could be 
explained directly but I think the amyloid 
suggestion is a worthwhile one. 

Dr. SHERRY: You mean histoplasmosis com- 
plicated by secondary amyloidosis? 

Dr. HarForp: Yes. 

Dr. SHERRY: Dr. Vavra, what types of non- 
infectious granulomas could give rise to a 
syndrome of the type exhibited by our patient? 

Dr. JoHN VaAvra: There are several non- 
infectious granulomas which should be con- 


AMERICAN JOURNAL OF MEDICINE 


i 


Pulmonary Infiltration, Diarrhea, Weight Loss and Fever 121 


sidered in this patient, but none of them appear 
to be the most likely diagnosis. Sarcoidosis may 
produce a clinical picture of fever, a miliary 
pulmonary infiltrate, and weight loss. The 
absence of other clinical features of sarcoidosis 
including uveitis, parotid enlargement, lymph 
node enlargement, hepatosplenomegaly, skin 
lesions, and bone lesions in a patient with illness 
of this severity would be unlikely. Sarcoidosis 
does not usually produce as many symptoms 
referrable to the gastrointestinal tract as the 
patient showed. Renal involvement on the basis 
of sarcoid is usually due to hypercalcemia and 
resulting nephrocalcinosis and thereby produces 
a more abnormal urinary sediment than was 
found. When sarcoid leads to sudden death it is 
usually a consequence of severe cardiopulmonary 
disease and of invasion of the myocardium with 
granulomas. These patients often have conges- 
tive failure prior to death. These features do not 
fit the terminal course of our patient. 

Chronic beryllium poisoning may lead to a 
picture of chronic pulmonary granulomatosis 
with features of progressive pulmonary insuffi- 
ciency. The lack of known exposure and clinical 
course make this diagnosis extremely unlikely. 

One might consider the possibility of Wegen- 
er’s granulomatosis as a2 non-infectious granu- 
loma. THis disease may first appear as a nodular 
and miliary infiltrate in the lung due to a 
necrotizing and granulomatous vasculitis. The 
patients are usually quite ill and run a rapidly 
progressive course. By the time death occurs the 
patients usually have other findings which our 
patient did not clearly demonstrate. These find- 
ings include pancreatitis and ulcerative lesions of 
the upper respiratory tract which can be observed 
clinically, and there may be extensive granulom- 
atous involvement of other organs. Renal 
involvement is of the form of a glomerulitis 
with more abnormal urinary sediments than our 
patient showed. Death is usually a result of 
renal failure. 

Dr. SHERRY: From time to time we have over- 
looked a disseminated histiocytosis. Would you 
consider this disease as a non-infectious granu- 
loma and could it stimulate the clinical picture 
described here. 

Dr. Vavra: The fact that we have been fooled 
in the past should make us at least consider the 
diagnosis in any patient with a generalized and 
bizzare illness. The disseminated histiocytoses 
are characterized by proliferation of histiocytic 
elements in localized areas or widely dis- 
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seminated through the body. The clinical 
picture, the course of the disease, and the progno- 
sis are extremely variable, making classification 
difficult, but the clinical picture has been divided 
into three categories depending on the pre- 
dominance of certain features. These include 
eosinophilic granuloma, Schiiller-Christian dis- 
ease, and Letterer-Siwe disease. Pulmonary 
lesions and gastrointestinal symptoms may be 
present, however most patients have other 
symptoms and findings which our patient did 
not have. These include localized tumor masses, 
often in bones, diabetes insipidus due to 
histiocytic proliferation in the region of the 
hypothalamus, hepatosplenomegaly, lymph node 
enlargement, exophthalmus, and chronic otitis 
media. I would think this group of diseases 
unlikely in our patient. 

Dr. SHERRY: Can a disseminated histio- 
cytosis run a low grade protracted course and 
then accelerate into a rapid course with an acute 
death? 

Dr. VAvrA: The histiocytosis may run a 
protracted course, but when sudden death oc- 
curs it is usually precipitated by a severe 
infection and not an acute flare-up of the disease. 

Dr. SHERRY: I gather than that you believe 
a non-infectious granuloma unlikely and con- 
sider an infectious granuloma a more likely 
possibility. 

Dr. Vavra: Yes, I would favor a disseminated 
infectious illness, probably tuberculosis, over 
any of the possibilities I have mentioned. 

Dr. SHERRY: Dr. Reinhard, would you con- 
sider the possibility of a disseminated neoplastic 
disease? 

Dr. EDWARD REINHARD: I think that this is a 
very distinct possibility here and I would put 
neoplastic disease as the number one possibility 
on my list of diagnostic possibilities. There are no 
localizing symptoms or signs to point to any 
specific organ as the site of origin of a malignant 
tumor, but I think the patient may well have 
had carcinomatosis, the primary tumor being, 
perhaps, quite insignificant. 

Dr. Daucuapay: One of the few hints we have 
in the physical examination was the tachypnea. 
Was this sustained? 

Dr. SHERRY: Yes. 

Dr. Daucuapay: This is quite characteristic 
of diffuse metastatic involvement of the lung. 

Dr. SHERRY: Would not tachypnea be likely 
to occur in all diseases which extensively infil- 
trate the lungs? 
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Dr. DauGcHapAy: More characteristic of 
neoplastic than, say, sarcoid. 

Dr. SHERRY: Dr. Moore, do you believe that 
we must give serious consideration to a diffuse 
vascular or connective tissue disorder? 

Dr. Cart Moore: No. Vascular disease 
would be a most unlikely possibility. It would be 
difficult to explain everything on the basis of 
lupus. This is also true of polyarteritis in the 
absence of hypertension and eosinophilia, and 
with such extensive involvement of the lungs. 

Dr. SHERRY: Dr. Eisen, let us consider the 
possibility of amyloidosis since a number of 
features of this case suggest this diagnosis: the 
presence of bloody diarrhea; involvement of the 
kidney with prominent proteinuria; the long 
course; and the infiltration of a number of organs. 
First, how do you characterize amyloidosis? 

Dr. HERMAN Elsen: The disease is character- 
ized by deposits in the interstitial tissues of 
rather homogeneous hyaline-like deposits with 
special staining characteristics. 

Dr. SHERRY: What is known about the chem- 
istry of the amyloid material? 

Dr. Eisen: There have been a number of 
analyses of amyloid deposits, especially those 
that occur secondary to chronic tuberculosis. 
The material is largely protein. At least some of 
it is gamma globulin as judged by staining 
reactions with fluorescent antigamma globulin 
antibodies. Polysaccharides are also present and, 
in fact, are responsible for the name given to 
these deposits. The polysaccharide component 
has recently been pretty well characterized by 
Karl Meyer and his associates. It turns out to be 
a very unusual acid mucopolysaccharide, whose 
composition is very much like that of heparin. 
It is a highly sulfated material and is being re- 
ferred to now as heparitin. 

Dr. SHERRY: The pathologist usually dis- 
tinguishes between primary and _ secondary 
amyloidosis on the staining quality of the 
deposits and their sites of deposition. Do you 
agree with this or do you believe that the best 
differentiation is an etiological one, that is, if 
there is a good cause for the amyloidosis than it 
is secondary; if there is not, then we must con- 
sider it as primary. 

Dr. Etsen: The anatomical basis for classify- 
ing amyloid is usually satisfactory. But there are 
many instances in which the anatomical dis- 
tribution of amyloid can be misleading. For 
example, the amyloid which sometimes occurs 
without associated suppurative diseases can on 
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occasion have a distribution just like that seen 
in the amyloid which occurs typically in associa- 
tion with destructive tuberculous lesions. 

Dr. SHERRY: Do you believe we are dealing 
with a case of amyloidosis and, if so, what type? 

Dr. EtsEn: Most of the features which you 
listed before are consistent with amyloid disease 
of the so-called primary type; namely, the long 
course, the severe lethargy and fatigability, the 
gastrointestinal symptoms with diarrhea and 
bleeding and the proteinuria. In fact, the only 
thing I believe to be inconsistent is this patient’s 
fever. If it does turn out that she had amyloidosis, 
which I think is a long shot diagnostically, | 
would assume the fever would have some other 
cause. 

Dr. SHERRY: Then you believe this patient’s 
clinical picture is entirely compatible with 
primary amyloidosis; however its rarity and the 
presence of fever lead you away from the 
diagnosis. 

Dr. Eisen: Yes, one other thing should be 
mentioned. This is the fact that the biopsy speci- 
men did not reveal amyloid deposits. This is 
significant if the biopsy specimen was taken from 
an area in which there was a bleeding lesion. 

Dr. SHERRY: The biopsy specimen was taken 
from an area where there was hyperemia, but 
it was a fairly superficial biopsy and no arterioles 
were seen. 

Dr. Etsen: It’s a small point against the 
diagnosis. 

Dr. SHERRY: A poll of the audience (faculty, 
students, and guests) reveals that 50 per cent 
favor an infectious granuloma, either tuber- 
culosis or histoplasmosis; nobody favors a non- 
infectious granuloma; 15 per cent favor a 
neoplastic disease which has disseminated 
widely from an unknown primary site; about 
3 per cent favor a diffuse vascular or connective 
tissue disorder; and approximately 5 per cent 
favor amyloidosis either primary or secondary. 
The rest did not vote. 


PATHOLOGIC DISCUSSION 


Dr. The heart was of normal 
size, but the right ventricle showed slight hyper- 
trophy. A close-up view of the heart showed 
waxy pallor of myocardium, especially near the 
atrial ventricular ring and under the endo- 
cardium. In the endocardium of the atrium 
(Fig. 1.) there were numerous waxy translucent 
globules and blotches. The lungs appeared 
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Fic. 1. Gross photograph of the left atrial endocardium 
showing transparent waxy globules of amyloid deposited 
subendocardially. 


Fic. 3. Gross photograph of the spleen showing the dry 
waxy appearance of the cut surface. 


system® 


abnormally rigid. They weighed 1,430 gm. 
together, moderately heavier than usual. No 
pulmonary embolus was found. In the lower 
lobes (Fig. 2) there were multiple small nodules 
composed of waxy translucent material, and 
alveolar septums were thickened by the same 
material. The same nodular deposits were seen 
on the pleural surfaces. The liver was of normal 
size and normal except for prominent lobular 
markings due to pale central areas. The spleen 
was enlarged, weighing 450 gm., and was very 
firm although pliable. On the cut surface, the 
spleen was dry, homogeneously waxy, and deep 
red. (Fig. 3.) The kidneys were enlarged weigh- 
ing 400 gm. together. The only remarkable 
feature was the pallor of the cortex. The mucosa 
of the stomach, ileum and large intestine was 
congested, edematous, and bore multiple pete- 
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the sharp angle the cut surface forms with the pleura, 
left. Innumerable nodules of translucent amyloid are 
apparent on the cut surface and beneath the pleura. 


eosin, magnification X 100. Lymphoid follicles, right 
and lower left are small. The red pulp is diffusely in- 
filtrated by amyloid. 


chiae. Cultures taken from the ilium revealed 
a profuse growth of E. coli and Staphylococcus 
aureus. The bone marrow of the vertebra, 
sternum and ribs was red and hematopoietic; 
femoral marrow was a mixture of yellow fatty 
and red hematopoietic tissue. 

Dr. JoHN KissANE: As you may have sur- 
mised from the description and illustrations of 
the gross lesions, particularly those in the spleen, 
heart and lungs, this is a case of primary 
systemic amyloidosis. The involvement in this 
case was typical in the spleen and heart, but 
very unusual in the extent of involvement of the 
lungs, although even here, the involvement was 
histologically and tinctorially typical. There 
were, in addition to these sites, microscopic 


Fic. 4. Photomicrograph of the spleen; hematoxylin and 
grap Pp y 
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Fic. 5. Photomicrograph of myocardium; hematoxylin 
and eosin, magnification X 100. Perimysial rings of 
amyloid and confluent interstitial deposits are evident. 


lesions in the kidneys, liver, pancreas, adrenals, 
retroperitoneal connective tissue and in the 
muscularis and blood vessels of the gastro- 
intestinal tract. 

In a section of the spleen, stained with 
hematoxylin and eosin (Fig. 4), one sees de- 
pleted, compressed remnants of lymphoid 
follicles. The red pulp is virtually obliterated by 
clouds of amorphous, eosinophilic, structureless 
material. This distribution of amyloid, primarily 
in the red pulp and compressing the lymphoid 
follicles is characteristic of the primary form 
of amyloidosis. In the secondary form, splenic 
involvement often appears to have begun in the 
lymphoid follicles and to spread into the red 
pulp along the sinusoidal reticulum. 

In the right ventricular myocardium, small 
shrunken myofibrils were enclosed in circles of 
the same material that was present in the spleen. 
(Fig. 5.) The myofibrils encased in the amyloid 
showed varying degrees of retrogressive changes, 
ranging to complete atrophy with resulting 
confluence of amyloid in confluent interstitial 
deposits. Another feature which was present in 
the right ventricular myocardium in this case, 
and is present in occasional cases of amyloidosis 
of any type, was a focal inflammatory reaction, 
rather pleomorphic in character but with con- 
siderable numbers of recognizable plasma cells 
in the inflammatory infiltrate. (Fig. 6.) This 
finding does not indicate that this is a case of 
amyloidosis secondary to myeloma, although 
one must always search for features of myelo- 
matosis, none of which was present in this case. 
A low-power photomicrograph shows the extent 
of amyloid deposition in the myocardium stained 


Fic. 6. Photomicrograph showing a focus of interstitial 
inflammatory cells in the right ventricular myocardium; 
hematoxylin and eosin, magnification X 370. Many 
plasma cells are recognizable. 


with Congo red. I might say that the tinctorial 
properties of amyloid have been the subject of 
many publications and are of some use in dis- 
tinguishing the primary from the secondary 
form. As Dr. Eisen mentioned, there is con- 
siderable overlapping in anatomical distribution 
of lesions in the various forms. It is claimed that 
in tinctorial properties, the amyloid in the pri- 
mary form of amyloidosis is more quixotic 
and tends to vary more than in the secondary 
form of amyloidosis or amyloidosis complicating 
multiple myeloma. The name para-amyloidosis 
has been suggested for cases of primary amyloid- 
osis in which the amyloid stains atypically. 

The next slide (Fig. 7) is a low-power view of a 
subpleural area of the lung. These lungs were 
massively involved. We were surprised that 
this patient manifested so few respiratory symp- 
toms. The interlobular and interalveolar septums 
are diffusely thickened. Higher magnification 
(Fig. 8) showed the character of the interstitial 
deposition. In the interstitial tissue, often 
perivascularly, are billows of amyloid which 
form focal nodules often containing considerable 
numbers of foreign body giant cells. The occur- 
rence of a foreign body reaction about deposits 
of amyloid is somewhat more characteristic of 
the solitary, nodular form of amyloidosis which 
is fairly common in the upper respiratory tract, 
but it also occurs in the other forms of amyloidosis. 

A spectrum of changes can be seen in the 
kidneys of this case. Most glomeruli reveal dif- 
fuse thickening of the glomerular basement 
membrane, but a few glomeruli display a 
tendency to nodular concentrations of amor- 
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amyloid in interalveolar septums. 


Fic. 9. Photomicrograph; hematoxylin and eosin, magni- 
fication X 225 showing a renal glomerulus with focal 
nodular accumulations of amyloid. 


phous eosinophilic material. (Fig. 9.) In the 
renal medulla, the deposition of amyloid is 
more striking as flame-shaped, non-circum- 
scribed aggregates around capillaries, small 
venules, and also around tubules. (Fig. 10.) The 
only involvement of the liver was focal deposi- 
tion of amyloid in the wall of larger branches of 
the portal vein, another feature which tends to 
differentiate this case of amyloidosis from the 
secondary form in which sinusoidal involvement 
of the liver is the rule. 

Similar nodular accumulations of amyloid 
were seen in and around small vessels in the 
pancreatic connective tissues. Small irregular 
deposits of the same material are present in the 
interstitial tissue in the stratum fasciculas of the 
adrenal. The amount of adrenal tissue so 
involved was really minimal and in no way 
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eosin, magnification X 100 showing the deposition of 


We 


Fic. 8. Photomicrograph of lung; hematoxylin and eosin, 


magnification X 100 showing a foreign body reaction 
about a fragmented mass of amyloid. 


Fic. 10. Photomicrograph; hematoxylin and eosin, 
magnification X 100 showing a focus of amyloid deposi- 
tion in the renal medulla. 


Fic. 11. Photomicrograph of a frozen section of stom- 
ach stained with Congo red; magnification X 100. 
Amyloid is present in the wall of the blood vessel 
and replaces much of the muscularis (dark grey in the 
photomicrograph). 
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sufficient to support histologically the suggestion 
of hypoadrenalism in this case. A section of the 
periadrenal adipose tissue reveals still another 
feature of primary amyloidosis, that is the forma- 
tion of the so-called “‘amyloid rings” which are 
particularly conspicuous in the retroperitoneal 
and epicardial fat. 

Involvement of the gastrointestinal tract in 
this case was rather extensive microscopically, 
although sections stained routinely were not 
impressive. Methyl violet, and especially Congo 
red (Fig. 11), however, revealed unexpectedly 
extensive replacement of the muscularis of the 
stomach and intestine by amyloid in addition to 
amyloid infiltration in the walls of small blood 
vessels. It is the only anatomical finding relevant 


to this patient’s gastrointestinal symptoms. We 
can offer no anatomical explanation for sudden 
death. 

Pathological diagnoses are: diffuse primary 
amyloidosis involving the lungs, heart, retro- 
peritoneal connective tissue, spleen, kidneys, 
diaphragm and psoas muscle, lymph nodes, 
adrenals, muscularis and blood vessels of the 
stomach and intestines, interstitial tissue of the 
pancreas, and blood vessels of the liver; hyper- 
trophy of the right ventricle (5 mm.); congestion 
and petechiae of the mucosa of the stomach, 
ileum and colon and the mucosa of the renal 
pelves and calyces; hyperplasia, predominantly 
erythroblastic, of the bone marrow, including 
that of the femur; congestion of the liver. 
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Case Reports 


Fatal Nephritis in Chronic 
Phenacetin Poisoning” 


SYLVAN E. MOOLTEN, M.D. and IvAN B. SMITH, M.D. 


New Brunswick, New Jersey 


HENACETIN resembles aspirin in its properties 
P:: an analgesic and antipyretic, and is 
customarily prescribed together with aspirin in 
combinations with codeine, caffeine, amphet- 
amine, antihistaminics or barbiturates. The 
advantage of such combinations probably lies in 
the fact that the dose of each constituent is kept 
well below its toxic level. A favorite combina- 
tion, caffeine, phenacetin and aspirin, is 
marketed directly to the public under various 
trade names. 

The health hazard of phenacetin is known to 
be much less than that of acetanilid, although in 
their toxic effects the two compounds are 
regarded as indistinguishable [7,2]. The use of 
acetanilid-containing nostrums has declined 
greatly, probably because of publicity regarding 
harmful effects of the drug. Phenacetin, how- 
ever, continues to enjoy a good reputation and 
the potential danger of excessive use has aroused 
little public concern. 

The medicinal abuse of phenacetin is common 
in persons who regulate their own dosage of 
proprietary drugs for relief of recurrent headache 
or musculoskeletal pain. It is often taken for an 
emotional “‘lift,’’ particularly in its combination 
with caffeine or amphetamine. Most persons are 
able to tolerate surprisingly large daily doses for 
long periods with little or no apparent harm. 
Those who display toxic effects are apparently 
quickly relieved when the drug is withdrawn. 
The toxic effect which is perhaps known best to 
the physician is its action on hemoglobin, which 
results in formation of methemoglobin, sulf- 
hemoglobin and other oxidation products [7-3]. 
Because this effect is largely reversible it gives 
rise to little or no anxiety and is regarded more 
in the light of a medical curiosity of importance 
chiefly in the differential diagnosis of cyanosis 


Dayton, New Jersey 


unexplained by other causes. Many cases of 
drug-induced methemoglobinemia and_§sulf- 
hemoglobinemia undoubtedly escape detection 
when the cyanosis is inconspicuous or is dismissed 
as “muddy complexion”? [3]. Its dirty gray-violet 
hue has been likened to the appearance of a 
healthy person observed under the mercury 
vapor lamp. Part of this effect may be due to 
brown derivatives of para-aminophenol formed 
in the degradation of the drug. Other symptoms 
which identify phenacetin habituation, such as 
persistent headache, debility and nervous ir- 
ritability, may be ascribed by the unsuspecting 
clinician to constipation or psychoneurosis. 
Instances of serious harm to the brain or other 
organs have seldom been recorded; Espersen’s 
case of fatal chronic phenacetin poisoning was 
associated with sulfhemoglobinemia and hepatic 
cirrhosis [4]; Askari and Hodas reported a case of 
sulfhemoglobinemia in a young woman during 
pregnancy whose child died one month after 
birth of degenerative encephalopathy [95]. 
Beginning with the paper of Spiihler and Zol- 
linger [6] in 1953, reports have appeared in the 
Swiss medical literature demonstrating the 
menace of chronic phenacetin poisoning in a new 
and more dangerous aspect related to harmful 
effects on the kidneys [6-9]. In several instances 
these effects were manifested by uremia, which 
was often fatal. The significant renal findings at 
autopsy were chronic inflammation and scarring 
associated with widespread destruction of con- 
voluted tubules. The blood vessels and glomeruli 
were comparatively unaffected. Necroses of the 
papillae were common. The disorder of the 
kidney was classified by these writers as “chronic 
interstitial nephritis” since the primary lesion 
was interstitial inflammation followed by scar 
tissue proliferation. Tubular damage was be- 


* From the Middlesex General Hospital, New Brunswick, New Jersey. 
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lieved to occur secondarily. The scanty cellular 
exudate, mostly lymphocytes, and the abundant 
fibrosis appeared to be consistent with the 
gradual and insidious clinical progression of the 
disease. In most instances the onset and advance 
of the disease were unrecognized until its final 
stages. Repeated examination of the urine Cis- 
closed little or no abnormality; in some instances 
there was a slight degree of albuminuria and a 
few leukocytes and red cells in the sediment. 
Asa rule there was no elevation of blood pressure 
until late in the course of the disease. The earliest 
and most consistent warning of impairment of 
the kidneys was increasing polyuria caused by 
loss of their concentrating ability. Later there 
was reduction in urea clearance. As the disease 
progressed, occasional disturbances in mineral 
metabolism were seen such as the salt-losing 
syndrome, nephrocalcinosis and osteoporosis. In- 
ulin/para-amino-hippuric acid clearance ratios, 
determined in a few cases, were altered from 
1:5 to values approaching 1:2, in further evi- 
dence of selective impairment of tubular 
function [6]. 

The danger of renal complications impelled 
Moeschlin [9] in Switzerland to recommend 
legislation requiring that phenacetin be obtain- 
able only by prescription. In a summary (1957) 
of his personal observations during a two-year 
period at the Soluthurn Municipal Hospital he 
tabulated fifty-seven cases of chronic phenacetin 
abuse among two thousand four hundred and 
twenty admissions, an incidence of nearly 
twenty-four per thousand patients. Nine of the 
fifty-seven patients had evidences of “chronic 
interstitial nephritis’? with azotemia—an inci- 
dence of almost four per thousand admissions. 
Four of the nine died; the remaining five re- 
covered on withdrawal of the drug with or 
without the aid of peritoneal dialysis. In the 
group of patients who recovered, the intake of 
phenacetin was calculated to have ranged 
between 2.7 and 10.96 kg. over periods of five 
to twenty years, taken at the rate of five to fifteen 
tablets a day. One of these patients, who declared 
that she had been taking no more than two to 
five tablets a day, totalling 6.5 kg. at the end of 
twenty years, had a blood urea level of 351 mg. 
per cent. Another, with a blood urea level of 
370 mg. per cent, confessed taking a total of 9.1 
kg. in ten years. In the others the blood urea 
levels ranged between 43 and 217 mg. per cent. 
In the group of four patients who died the total 
admitted consumption of phenacetin was com- 


parable with that of the five who recovered, 
although the daily intake was somewhat higher 
(about ten to twenty-five tablets a day). In the 
fatal cases the blood urea levels ranged between 
120 and 223 mg. per cent. 

No report of phenacetin nephritis occurring in 
this country has appeared thus far in the litera- 
ture. That it exists, latent or manifest, can hardly 
be doubted when the circumstances are con- 
sidered which favor prolonged overdosage of the 
drug in certain types of personalities, particu- 
larly psychoneurotics over-inclined to self- 
medication. Modern technics of advertising 
must share part of the blame for the increasing 
use of phenacetin preparations. The public is 
besieged with persuasive sales promotion advice 
to buy ‘“‘over the counter” drug combinations 
containing phenacetin. 

More serious, perhaps, than lack of sales 
resistance is the danger of habituation which 
arises out of the peculiar property of phenacetin 
to produce severe headache when taken re- 
peatedly in large doses [2,8,9]. Nervous ir- 
ritability, depression, tremor, muscular weakness 
and mental debility are commonly associated 
with phenacetin-induced headache. As a result 
the compulsion may easily develop in pre- 
disposed persons to continue to take the drug 
for relief of the very symptoms caused by it. 
Mental confusion which results also from the 
drug may cause such persons to grow increas- 
ingly careless about dosage and to swallow the 
tablets without regard for their number. This 
type of vicious cycle often underlies habitual 
abuse of the drug and constitutes an entrapment 
which differs from addiction in the fact that the 
taking of the drug rather than its withdrawal 
creates the condition which compels its con- 
tinued use. It is generally believed that addiction 
as such does not occur [7,2]. Nevertheless, 
phenacetin habitués resemble narcotic addicts 
in the secretiveness with which they surround 
their compulsive use of the drug and in their 
obstinate refusal to turn to other forms of relief 
for their symptoms. It is hardly surprising, there- 
fore, that the physician gropes vainly for the 
diagnosis unless he is alerted by the patient’s 
cyanosis or by chance discovery of the tablets. 


CASE REPORT 


M. R., a housewife thirty-four years of age at the 
time of her death, was first treated by one of us 
(I. B. S.) five years previously for threatened abortion 
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of her third pregnancy. Five months later she was 
delivered of a healthy baby. 

At the time of her first visit she mentioned that 
she had been suffering from severe headaches for 
several months before the beginning of this pregnancy. 
The headaches were described as occurring daily, 
usually unilaterally, either on the right or left side, 
non-throbbing and unassociated with visual or other 
phenomena. Because of their obstinate and peculiar 
nature she was examined at a large headache clinic 
in a hospital in New York City where the headaches 
were held to be “‘vascular’’ in origin. The headaches 
persisted despite prescribed treatment and remained 
a prominent symptom throughout the entire subse- 
quent course of her illness. From the onset of her 
illness she also had more or less persistent anorexia 
associated with periodic nausea and vomiting 
(especially at night), and a steady loss of weight. 
When she was seen six weeks postpartum her weight 
loss had totalled 21 pounds. Nine months later she 
had repeated epigastric pains and vomiting for a 
period of three weeks. Two years before her death 
she had lost almost 30 pounds and appeared extremely 
nervous and irritable. The presence of fine tremor, a 
slight lid-lag and stare prompted examination for 
hyperthyroidism. The basal metabolic rate was plus 
21 per cent but the radioiodine uptake was 30 per 
cent of the total dose, considered within the normal 
range. As a therapeutic test the patient was given 
propylthiouracil for a few weeks but showed no 
improvement. 

Shortly afterward severe abdominal pain developed. 
It was centered in the left hypochondrium radiating 
into the left shoulder but eventually spread over the 
entire abdomen. She also had marked nausea 
and vomiting. The symptoms suggested acute pan- 
creatitis and the patient was admitted to the Middle- 
sex Hospital. Laboratory tests and other findings failed 
to confirm this diagnosis. Eventually an orange-sized 
mass presented to the left of the umbilicus and was 
drained of a large amount of foul-smelling pus. ‘The 
“flat film’’ of the abdomen at that time showed evi- 
dences of peritonitis and ileus together with free air 
under the left diaphragm. She improved rapidly, and 
subsequent roentgenographic study of the gastro- 
intestinal tract showed no intrinsic disease although 
air was still detected under the diaphragm. The gall- 
bladder series was within normal limits. 

Two months after the first admission the patient 
was readmitted with severe abdominal pain which 
radiated again into the left hypochondrium and back, 
again suggesting pancreatitis or peripancreatitis. 
Serum amylase levels were within normal limits. The 
intravenous pyelogram showed no abnormal findings 
in the kidneys and there was normal concentration of 
the dye. Review of the previous x-ray examinations 
with particular reference to the stomach focussed 
attention on an area suspicious of intrinsic gastric 
disease which had not been clearly defined in the 
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routine examination. Special technics of visualization 
now revealed the presence of two well developed 
ulcers in the region of the lesser curvature, one in the 
mid-portion and another nearer the pylorus. At 
operation the original diagnosis was confirmed. The 
resected specimen also showed diffuse chronic hyper- 
plastic gastritis with abundant lymphoid infiltration of 
the mucosa and submucosa. The larger ulcer had 
penetrated into the body of the pancreas, accounting 
for the character of the pain and its radiation, which 
had suggested pancreatitis clinically. The patient did 
well and was discharged but was readmitted six 
weeks later because of epigastric pain and vomiting 
attributed to adhesions with partial obstruction. 
These symptoms were relieved without operation. 
She was discharged but continued to suffer with 
anorexia, periodic nausea and vomiting, and oc- 
casional abdominal pain. 

A little more than a year later, three months before 
her death, the patient was hospitalized again in a 
state of advanced debility and emaciation, weighing 
86 pounds, and manifesting air hunger. She was ex- 
tremely pale and her hemoglobin, which had been 
66 per cent three months previously, was now 39 per 
cent (6.25 gm. per cent), red blood cells 2,030,000 per 
cu. mm., white blood cells 18,100 per cu. mm., and 
polymorphonuclears 79 per cent. Occasional nucle- 
ated red blood cells were present. Reticulocytes were 
4.7 per cent. The tip of the spleen was palpable. The 
anemia was interpreted as some form of chronic 
hemolytic anemia. Examination of the bone marrow 
showed mild erythroid hyperplasia and no other 
significant findings. The cause of the hemolytic 
syndrome was not identified. An L.E. test was re- 
ported as negative. The serum non-protein nitrogen 
was 46.5 mg. per cent. The urine concentrated to 
1.012 and showed 1-plus albuminuria. Her blood pres- 
sure, which had been normal previously, was now 
slightly elevated, 165/95 mm. Hg. As a supportive 
measure the patient was given a transfusion. On the 
following day she was found to be in profound stupor. 
She moaned on painful stimulation, but was otherwise 
unresponsive. Her blood pressure was 170/88 mm. Hg. 
The urine was negative for sugar and acetone. No 
cause was found for the stupor and it was thought 
that she might have been oversedated inadvertently. 
On the following day she was completely alert and 
cheerful. After more than a week had passed the true 
cause of the stupor was discovered. In her bed table 
the nurse discovered a bottle containing two tablets 
and learned from the patient that two days previously 
the bottle had contained fifty tablets. After much pres- 
sure the husband was prevailed upon to reveal the 
nature of the tablets. They contained aspirin gr. 3.5, 
caffeine gr. .50, phenacetin gr. 2.5, and cyclopal 
(a barbiturate) gr. .75. It subsequently transpired 
that the patient had been taking these tablets for the 
previous five and a half years without any physician’s 
knowledge and authorization. At first the patient had 


Chronic Phenacetin Poisoning—Moolten, Smith 


Fic. 1. Uneven contraction of kidney in chronic intersti- 
tial nephritis. 


consumed about 200 tablets a month, later ten to 
twenty-five a day. She had sworn her husband to 
secrecy and became extremely agitated when her 
secret was made known. After much patient urging 
and encouragement by her physician she finally 
agreed to stop taking the tablets. For a while she was 
restless and depressed but had no true withdrawal 
symptoms. She continued to complain of her usual 
headache and lack of desire for food. For a while 
she had pains in her muscles and an urticarial erup- 
tion. X-ray examination of the chest revealed no 
abnormalities except for demineralization of the ribs 
and other bony structures, not noted on previous 
examination. The bony change was held by the 
radiologist to be caused by bone marrow hyperplasia 
of a compensatory type or some type of blood 
dyscrasia. Upon discharge from the hospital her hemo- 
globin had risen to 62 per cent, and the red blood cell 
count was 2,730,000 per cu. mm. 

Her headaches persisted and re-examination dis- 
closed marked hyperesthesia of the entire body, 
chiefly in the head, neck and upper extremities. 
“Trigger points’ in the trapezius muscles were 
discovered and procaine infiltration produced tem- 
porary amelioration. Because of anemia, which had 
persisted in moderate degree, she was given another 
transfusion. At times she had abdominal cramps, 
nausea and occasional vomiting. 

Two and a half months after discharge from the 
hospital she was readmitted in a stupor. This had 
developed gradually over several days. On admission 
she could not be aroused. She was extremely ema- 
ciated and had noisy Kussmaul breathing. Her com- 
plexion was described as “somewhat brownish and 


Fic. 2. Tubular loss and advanced scarring in cortex with 
preservation of glomeruli. 


sallow”’ and there was slight puffiness of the eyelids. 
Loud moist rales were heard throughout the chest. 
The hemoglobin was 72 per cent (11.2 gm. per cent), 
hematocrit 37 per cent. The serum non-protein nitro- 
gen was 140 mg. per cent, CO, 20 volumes per cent. 
The clinical picture suggested uremia but the etiology 
was unclear although the possibility of drug causation 
was mentioned. The urinary output was markedly 
reduced and a uremic frost developed on her face. 
Examination of the urine showed albumin 1-plus, 
specific gravity 1.010, and occasional white and red 
blood cells in the sediment. The serum non-protein 
nitrogen rose to 164 mg. per cent. Her blood pressure 
ranged between 150/110 and 204/110 mm. Hg. After 
a brief convulsion she died quite suddenly. 

At autopsy, the subject was extremely emaciated. 
The skin had a pale yellowish brown tinge which was 
particularly noticeable on the face. No jaundice or 
edema was seen. 

The most interesting findings were in the kidneys, 
which were somewhat enlarged and had a combined 
weight of 310 gm. The capsules were fairly tightly 
adherent and difficult to strip. The exposed surface 
of each kidney presented a peculiar pebbly uneven- 
ness. (Fig. 1.) The elevated portions were somewhat 
lighter in color than the depressed portions, but 
there was no sharply defined separation and no 
obvious scars, cysts or suppuration. The kidneys were 
cut with much resistance and their cut surface dis- 
closed corresponding uneveness in thickness of the 
cortex. The corticomedullary junction had a fuzzy 
indistinctness. The cortex had a light tan coloration. 
The medulla appeared fleshy and reddish brown in 
color and its markings were blurred. The tips of 
several of the pyramids were necrotic and had a 
muddy brown discoloration. 

Microscopically the narrowed regions of the cortex 
were found to be large indefinitely defined wedge- 
shaped areas of tubular atrophy and stromal fibrosis. 
(Fig. 2.) The convoluted tubules which remained 
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were shrunken and separated by delicately fibrillar 
collagen infiltrated with scattered lymphocytes and a 
few neutrophils or eosinophils. In Van Gieson and 
PAS-stained slides the basement membranes of the 
affected tubules were thickened into broad wavy 
hyalin ribbons and contributed a considerable share 
to the stromal thickening. In areas of less contraction 
of the cortex the tubular elements were better pre- 
served or entirely normal and stromal thickening was 
less marked. The loops of Henle and collecting 
tubules were least affected. 

In the intervening areas of cortical expansion the 
tubules and glomerular spaces were often strikingly 
widened but the glomerular loops were compressed 
and bloodless. These findings suggested obstruction 
with retrograde glomerular tamponade and were 
correlated with distal blockage by large, coarsely 
granular casts within the collecting tubules of the 
medulla. 

Early stages of the process were occasionally 
evident in areas which had not yet undergone much 
scarring. The initial phase appeared to consist in a 
degenerative change of the proximal convoluted 
tubule in the form of granular or foamy swelling and 
shedding of tubular epithelium into the lumen. The 
cytoplasm was often impregnated with red cell frag- 
ments or minute hemorrhages. In many tubules the 
epithelial cells contained golden-brown granules 
which gave a deep blue reaction with the Gomori 
ferrocyanide-hydrochloric acid stain for iron. Occa- 
sional minute cysts were observed; these were lined 
with tubular epithelium and were distended with 
granular eosinophilic detritus. A few granulomatous 
nodules were encountered in which fibroblasts and 
histiocytes were collected about a center of necrotic 
tubular epithelium. 

The glomeruli were remarkably well preserved 
even in areas of advanced tubular atrophy and stromal 
sclerosis. A few were obliterated and hyalinized and 
others exhibited slight pericapsular and intercapillary 
hyalin swelling of the basement membrane (PAS 
stain). The blood vessels were not remarkable except 
for moderate hypertrophy of the media of small 
arteries and contraction of arterioles in areas of dense 
fibrosis. 

Sections through necrotic papillae showed simple 
devitalization of tissue (tissue ghosts) and these were 
partly or completely demarcated by broad zones of 
suppuration. Occasional minute burrowing abscesses 
were encountered in adjacent regions. The cause of 
papillary necrosis was not evident from study 
of these sections although the changes were com- 
patible with the effects of ischemia. 

The lungs were heavy with congestion and edema 
and had a gelatinous cut surface. Microscopically 
the alveoli contained abundant colloid-like protein- 
aceous exudate which stained rather deeply and was 
often inspissated in a well defined layer along the walls 
of alveoli and alveolar ducts as a ‘“‘hyalin membrane.” 
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Areas of early suppurative bronchopneumonia were 
present in dependent portions of both lungs. The heart 
exhibited mild hypertrophy of the left ventricle and 
slight focal interstitial inflammation. The liver was 
normal in size and contour and of an extraordinary 
dark russet brown color; microscopically the polygonal 
cells of the parenchyma contained much golden brown 
granular pigment which stained deeply for iron in the 
outer portions of the lobule and faintly in the region 
of the central vein. The Kupffer cells stained deeply 
for iron in all parts of the lobule. The spleen was 
slightly enlarged and firm and exhibited micro- 
scopically an abundance of iron-staining pigment 
within the hyperplastic reticulum cells of the pulp and 
within numerous large histiocytes collected within the 
widened congested sinusoids. Similar siderophages 
were present also in the bone marrow examined in 
section of the lumbar vertebrae, which was otherwise 
considerably depleted of normal elements, especially 
erythrocyte precursors. The bony trabeculae seen in 
these sections were well formed in number and thick- 
ness and showed no appreciable activity of osteoblasts 
or osteoclasts. On gross examination the brain ap- 
peared normal; microscopically much evidence of 
edema was seen in the form of distended perivascular 
spaces with tamponade and obliteration of many of 
the small blood vessels, especially in the cortex. Some 
of the ganglion cells seemed to contain fine brownish 
granules in addition to their normal cytoplasmic 
granules but were otherwise normal, and there were 
no glial or vascular changes of significance. Sections of 
skeletal muscle (suboccipital group) showed fading 
and shrinking of isolated fibers and a few lymphocytes 
and macrophages in the perimysium. The majority of 
the fibers appeared normal. 

The anatomical diagnoses were advanced sclerosing 
tubular nephritis with necrotizing papillitis; extensive 
serous pneumonitis with hyalin membrane formation 
and early suppurative bronchopneumonia; hypoplasia 
of bone marrow; hemosiderosis of hepatic and renal 
parenchyma and cellular reticuloendothelium of 
liver, spleen and bone marrow; moderate hyperplasia 
of splenic reticuloendothelium; mild hypertrophy of 
left ventricle; diffuse edema of brain; slight suboc- 
cipital myositis; exteme emaciation; hyperpigmenta- 
tion of skin; status after previous drainage of peritoneal 
abscess and subtotal gastrectomy for two gastric 
ulcerations. 


COMMENTS 


In the case cited the drug was taken at first 
in ordinary doses and the dose was increased 
gradually over a long period of time until, dur- 
ing the last three years of her life, the patient 
was taking ten to twenty-five tablets daily. 
From the data available to us it was computed 
that she had taken well over twenty thousand 
such tablets in about five and a half years. 
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This amounted to a total intake of at least 3.5 kg. 
of phenacetin. The significance of phenacetin 
abuse was not considered seriously as an ex- 
planation for the peculiar sclerosing nephritis 
found at autopsy until an abstract of Moeschlin’s 
paper appeared shortly afterward in the J. A. 
M. A. [70]. A review of Moeschlin’s paper [9] 
and of publications cited by him made it clearly 
evident that the abnormalities found in this 
patient’s kidneys corresponded closely with those 
described in the Swiss literature beginning with 
the report of Spiihler and Zollinger in 1953 [6]. 

As indicated previously, the renal changes 
observed in their series were interpreted by 
them as the result of primary inflammation of 
the renal stroma followed by scarring and were, 
therefore, classified as “chronic interstitial 
nephritis.”” The gross description of the kidneys 
in their subjects (and accompanying illustra- 
tions) portrayed details which matched those 
of our patient, for example, the peculiarly 
uneven surface of the kidneys, the irregular 
thickness of the cortex revealed on cut section, 
and the necrosis of the tips of the pyramids. Their 
microscopic findings were also paralleled by our 
own, namely, broad areas of interstitial fibrosis of 
the cortex coupled with loss or degeneration of 
convoluted tubules and hyalin thickening of the 
basement membranes. The glomeruli and blood 
vessels were largely unaffected. 

Some of the microscopic features in our case 
inclined us to consider a somewhat different 
interpretation of its pathogenesis. For example, 
there were many areas which appeared entirely 
normal or nearly so, and many other areas 
displayed early changes of minor or inter- 
mediate degree. Where the process seemed to be 
in its initial phase the amount and intensity of 
interstitial inflammation and fibrosis were 
meager in proportion to the severity of tubular 
degeneration, which often bordered on necrosis. 
The basic lesion thus seemed to be multifocal 
and centered about the convoluted tubules 
rather than diffused through the stroma. The 
interstitial changes, however striking and ex- 
tensive, seemed therefore to be the expression of a 
stromal reaction to tubular damage. 

If one considers the wide variety of toxic 
agents which can cause tubular injury it is 
surprising that sclerosing nephritis of this type is 
seen so infrequently. Evidently simple injury 
of tubular epithelium cannot in itself account 
for interstitial inflammation and scar tissue 
proliferation. Even in the case of extreme tubu- 


lar injury, such as observed in bichloride of 
mercury poisoning, there is only a moderate 
degree of interstitial proliferation during the 
healing phases. It is unlikely, therefore, that the 
interstitial changes seen in phenacetin nephritis 
result merely from destruction or damage of 
renal tubular epithelium. The presence of iron- 
staining granules in the epithelium of many of 
the tubules suggests a partial answer. Many 
patients with hemoglobinuria of various 
types, acute or chronic, mild or severe, escape 
renal injury; even in paroxysmal nocturnal 
hemoglobinuria, in which the patient excretes 
hemosiderin continuously and may have ‘“‘black 
water” with as much as 20 gm. of hemoglobin 
excreted in twenty-four hours, there may be 
little or no impairment of the kidneys [72]. 
On the other hand methemoglobin is more read- 
ily precipitated in the renal tubules than is 
hemoglobin, especially if the urine is acid, and 
this constitutes a cardinal danger in methemo- 
globinemia, regardless of the cause [7]. In 
acidotic dogs methemoglobin solutions have 
been shown to produce renal injury, i.e., hy- 
dropic degeneration in proximal convoluted 
tubules and necrosis in distal convoluted tubules 
[77,73]. Possibly acid hematin and other iron- 
protein complexes precipitated in an acid 
milieu continue to exert an irritant influence 
for long periods of time and so excite prolifera- 
tion of fibrous tissue. The possibility of hyper- 
sensitiveness to phenacetin or its degradation 
products (or to a drug-tissue antigenic complex) 
expressing itself in active inflammation about 
injured tubules, as in sulfonamide nephropathy, 
must also be considered. Finai answers on these 
and related questions must await the accumula- 
tion of much more evidence. 

One may properly question the assumption 
that this patient’s assemblage of disorders is 
ascribable solely to phenacetin. Actually her 
most distressing symptoms other than headache 
were the result of gastric irritation and ulcera- 
tions which progressed to perforation and 
formation of a peritoneal abscess, followed by 
penetration of a gastric ulcer into the pancreas 
which mimicked the clinical syndrome of acute 
pancreatitis. It is conceivable that the additive 
or synergistic action of aspirin and caffeine was 
in part responsible for gastritis and gastric ulcera- 
tions in this patient [74,75] and perhaps might 
also have contributed to her chronic anorexia 
and profound weight loss (weight at death was 
82 pounds). Without doubt other elements enter 
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the picture when one attempts to interpret 
these and other symptoms in the full perspective 
of an exceedingly complex situation. Psycho- 
genic anorexia had been considered seriously in 
differential diagnosis. Explanation for her 
weight loss would be incomplete without men- 
tion also of the contributory effect of hyper- 
metabolism. In fact hyperthyroidism was strongly 
suspected because of her extreme nervousness, 
tremor, slight lid-lag and stare, and a basal 
metabolic rate of plus 21 per cent. The radio- 
iodine uptake was 30 per cent of the admin- 
istered dose, which was considered within the 
normal range, and there was no improvement 
after administration of propylthiouracil. Drug- 
induced hypermetabolism remains a possibility. 
Caffeine is known to exert a distinct stimulating 
effect on body metabolism even in ordinary doses 
[7]. Aspirin may also have played a part. Thus in 
recent years information has come to light which 
indicates that an important part of salicylate 
action is its action on metabolism, specifically 
a marked increase in oxygen consumption of 
skeletal muscle [76]. In the series of cases pub- 
lished by Spiihler and Zollinger [6,7] certain 
details are reported which suggest the possibility 
that caffeine and salicylates may have been 
responsible for parts of the syndrome which can- 
not be accounted for wholly by chronic phena- 
cetin intoxication. Thus one of their patients 
died of perforated ulcer and several others were 
suspected of having gastric cancer because of 
weight loss and repeated vomiting. 

A surprising feature of our case was the rela- 
tive mildness of anemia, except for an episode 
late in the clinical course of the disorder when 
it became severe enough to cause air hunger 
and prostration. The finding of target cells, 
microspherocytosis and a reticulocyte count of 
4.7 per cent was compatible with the diagnosis of 
hemolytic anemia. The bone marrow aspirate 
also showed increased erythropoiesis. No red cell 
inclusion bodies (Heinz bodies) were demon- 
strable in routinely prepared blood smears 
(Wright stain). On her final admission in 
uremia she had only slight anemia (hemoglobin 
72 per cent (11.2 gm.), hematocrit 37 per cent). 

In Moeschlin’s nine patients, all suffering 
from renal insufficiency, the hemoglobin levels 
ranged between 5.5 gm. and 10 gm. per cent 
(35 to 65 per cent) and red cell counts between 
1.8 and 3.0 million per cu. mm. [9]. In two of his 
fatal cases the hemoglobin was 45 and 49 per 
cent, in one other case it was 57 per cent, and in 
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a fourth 86 per cent. All of his patients had some 
degree of sulfhemoglobinemia. Evidently the 
presence of anemia cannot be counted on in 
guiding clinical suspicion toward the possibility 
of phenacetin poisoning. When present, as in 
our own patient, anemia probably reflects the 
failure of red cell regeneration to keep pace with 
augmented destruction because of the interven- 
tion of additional factors, i.e., intercurrent in- 
fection or renal insufficiency. 

Inclusion bodies within the red cells, which 
were considered by Moeschlin to be a character- 
istic feature of phenacetin poisoning, were found 
by him in 3 to 14 per cent of the red cells of 
affected patients. Schaub [8], however, reported 
red cell inclusions in only two of his twenty-four 
patients, all of whom had some degree of 
anemia. The disparity in these data may possi- 
bly result from differences in technic. Moeschlin 
stipulated the importance of supravital stains or 
phase microscopy for the demonstration of 
inclusion bodies within the red cells, and routine 
preparations of blood smears are therefore un- 
likely to provide much aid in diagnosis. 

Although cyanosis was never pronounced 
enough to be clearly recognized in our patient, 
she had a notably sallow complexion which 
might have been classed as both ““muddy” and 
“café au lait.’’ In the presence of long-continued 
headache and nervous irritability this could 
have awakened suspicion of sulfhemoglobinemia, 
which might have been quickly confirmed by 
examination of a sample of blood. 


SUMMARY 


A 34 year old housewife died in uremia fol- 
lowing prolonged excessive use of a proprietary 
headache mixture. In the course of five and a 
half years she had taken more than 20,000 
capsules of the mixture, comprising an estimated 
total of at least 3.5 kg. of phenacetin, 5.0 kg. of 
aspirin and 0.7 kg. of caffeine. Autopsy revealed 
advanced degenerative changes in the kidneys, 
resembling the condition described in the recent 
Swiss medical literature in patients consuming 
large quantities of phenacetin. 

As with many victims of phenacetin habitua- 
tion, this patient’s concealment of her habit 
defeated all efforts to explain her symptoms 
during life. 
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Severe Hypoglycemia after the Ingestion 
of a Sulfonylurea Compound’ 


Marvin A. SACKNER, M.D. and Lucy J. BALIAN, M.D. 
Philadelphia, Pennsylvania 


EVERE hypoglycemia is an uncommon reac- 
S tion to the sulfonylurea compounds [7-3]. 
This report is concerned with a patient in whom 
permanent damage to the brain secondary to 
hypoglycemia developed after the ingestion of a 
new derivative of the sulfonylurea series, chlor- 
propamide. It is of particular interest because 
serial electroencephalograms and psychological 
tests were obtained. 

Chlorpropamide (Fig. 1) is a white odorless 
crystalline compound with a typical taste. It is 
soluble in alcohol, moderately soluble in chio- 
roform, sparingly soluble in benzene and ether, 
and insoluble in water. The melting point is 
127.2° to 127.6°c. Its concentration in serum 
can be determined by a spectrophotometric 
method. The acute oral toxicity in mice and 
rats is comparable to that of tolbutamide. Long 
term administration to dogs in dosages of 50 to 
200 mg./kg. did not result in any deleterious 
effects on the blood, liver and kidney. The drug 
is excreted unchanged by the kidney. 

Following the single oral administration of 
chlorpropamide, a hypoglycemic response per- 


Chlorpropamide 


sists after forty-eight hours. In man, serum levels 
reach a plateau within three to five days. In the 
treatment of diabetic patients, the recommended 
starting dose is 500 mg. daily, the maintenance 
dose being adjusted up or down by increments of 
100 to 200 mg. at intervals of three to five 


days [4]. 


CASE REPORT 


C. R., a forty-five year old white man, was admitted 
in a comatose condition to the Philadelphia General 
Hospital on April 16, 1958. The patient, one of forty- 
five volunteers who were taking chlorpropamide 
(Diabinese®), received 2 gm. of this drug on April 13 
and April 14, respectively. About midnight on April 
15 he exhibited hypoglycemic symptoms which 
responded readily to oral administration of carbo- 
hydrates. At 6:00 a.m. on April 16 he was found in a 
comatose condition. He was transferred to the institu- 
tional infirmary and treated with intravenous glucose 
and saline solution; he received a total of 175 gm. of 
glucose in a twelve-hour period. He remained in a 
coma and was transferred to our hospital that evening. 

The past medical history was obtained from his 
institutional records. In 1945 appendectomy, chole- 


not 
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Fic. 1. Chemical structure of sulfonylurea compounds. 


* From the Philadelphia General Hospital, Philadelphia, Pennsylvania. This study was supported in part by Charles 
Pfizer & Company, Inc., Brooklyn, New York. 
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TABLE I 
LABORATORY FINDINGS 
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Fic. 2. Blood sugar and chlorpropamide levels. Blood sugars were determined by the Folin-Wu method. Initially the 
blood sugar levels were low despite constant administration of hypertonic glucose solution intravenously. Although the 
levels of chlorpropamide remained elevated through the sixth day, normal blood sugar concentrations were present 
at that time. The blood sugar levels were normal during a seventy-two-hour fast. A glucose tolerance test immediately 
thereafter resulted in a diabetic curve. Two weeks later, on a normal diet, a normal curve was obtained 
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cystectomy and drainage of an abscess were performed. 
He noted jaundice in 1955. In 1956 the urine showed 
sugar 0, albumin 4 plus, 8 to 10 red cells and 2 red 
cell casts. The sedimentation rate was 41 mm. Albu- 
minuria was noted also in subsequent urine specimens 
through 1958. An intravenous urogram in 1956 was 
normal. In 1956 and 1957 roentgenographic examina- 
tion of the upper gastrointestinal tract showed a 
chronically scarred duodenal cap. In January 1958 
he had an episode of slight twitching of the mouth 
and protrusion of the tongue which lasted a few 
minutes. He did not lose consciousness and this epi- 
sode was thought to be malingering. An electro- 
encephalogram taken at this time was within normal 
limits. 

Physical examination revealed a comatose, well 
nourished, white man in decerebrate rigidity. He 
was in moderate respiratory distress and required 
frequent aspiration of copious amounts of thick 
secretions. The temperature was 99.8°F., respirations 
34, pulse 54, blood pressure 120/90 mm. Hg. The 
positive findings were confined to the neurologic 
system and changed rapidly from moment to moment. 
He occasionally had generalized tonic movements 
which lasted a minute or less. The pupils were alter- 
nately widely dilated and constricted, and reacted 
poorly to light. The eyes deviated to the left, and at 
times were uncoordinated. The corneal reflexes were 
sluggish. The optic discs were pale, no hemorrhages 
or exudates were found. The extremities were alter- 
nately spastic and flaccid. A coarse generalized tremor 
was occasionally seen. Bilateral Babinski signs were 
elicited. Coarse rhonchi were heard in both lung fields. 
The heart was not enlarged, the rhythm was regular 
and no murmurs were heard. The abdomen was soft, 
and the liver and spleen were not palpable. 

The therapy and laboratory findings are sum- 
marized in Tables1 and n, and Figures 2, 3 and 4. It is 
noteworthy that blood sugars of 77 mg. and 15 mg. 
and a cerebrospinal fluid sugar of 22 mg./100 ml. 
were initially recorded despite the simultaneous 
intravenous infusion of high concentrations of glucose. 

The patient’s course in the hospital was character- 
ized by a relatively rapid and steady improvement. 
After three to five hours of treatment he intermit- 
tently began to resist movement of his extremities and 
the Babinski signs disappeared. The following day he 
occasionally groaned, yawned and sneezed, and only 
intermittent spasticity of the left arm persisted; how- 
ever, this disappeared completely by the sixth day. 
His behavior resembled that of a “‘thalamic animal” 
for about a week. An electroencephalogram obtained 
on the third day showed scattered high voltage ab- 
normal slow waves, 4 to 6 per second, throughout both 
hemispheres, especially marked in both temporal 
lobes. (Fig. 5.) 

On each subsequent day the patient was able to 
respond more appropriately. An electroencephalo- 
gram obtained on the sixth day showed marked 
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LIVER STUDIES 
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Day 2 = Urinary amino acids: alanine, aminoac 


pathologic increase in any individual amino acid. 
t Day 10 = Liver biopsy: normal fiver tissue. 
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Fic. 3. Blood chemical studies. Throughout most of his hospitalization, the pa- 
tient had consistently low levels of blood urea nitrogen without an associated 


decrease in non-protein nitrogen. 


improvement, as compared with the previous tracing, 
although the abnormalities previously mentioned were 
still present. 

A brief psychological examination on the thirteenth 
day revealed a marked expressive aphasia. A third 
electroencephalogram taken at that time showed more 
damage than the previous tracing. There were a 
moderate number of high voltage abnormal slow 
waves 3 to 5 per second, throughout both hemi- 
spheres, at times occurring in short bursts, the abnor- 
malities again being more marked in both temporal 
lobes. 

The patient was returned to his institution on the 
fifteenth day. He was able to feed and dress himself 
with some coaxing and could walk normally. He had 
complete amnesia for all recent events and _ his 
memory for remote events was generally poor. 

Further improvement was noted on a fourth 
electroencephalogram obtained thirty-seven days 
after the episode of coma. The electroencephalogram 
showed occasional high voltage slow waves, 3 to 5 per 
second on the right, while the left hemisphere, par- 
ticularly the temporal and occipital regions, showed 
a moderate number of high voltage abnormal slow 
waves. 

Information on the patient’s previous personality 
and intellectual level was obtained through the co- 
operation of the Department of the Army. His per- 
formance on several intelligence tests placed him at an 
average or low average level. He was examined by 


Army psychiatrists on several occasions because of 
criminal behavior but was not considered psychotic. 
A diagnosis of inadequate personality with alcohol 
addiction was made. 

A number of psychological tests were given to the 
patient fifty days following the onset of coma. These 
included the following: (1) Bender visual-motor 
gestalt, (2) Rorschach, (3) Wechsler memory scale, 
(4) Eisenson’s tests for aphasia, (5) Stanford-Binet 
vocabulary, (6) Goldstein-Scheerer stick test, cube 
test and Weigl color form test. The results of these 
tests may be summarized as follows: (1) Definite 
evidence of cortical damage of a diffuse nature, as 
manifested by loss of abstract ability, disorganization 
of behavior under stress, and marked perseveration; 
(2) severe damage in the speech areas, i.e., temporal 
lobes; and (3) intellectual function at moronic level. 


COMMENTS 


The mode of action of chlorpropamide is 
similar to that of tolbutamide and carbutamide. 
These drugs are thought to stimulate endogenous 
insulin release and potentiate insulin action at a 
hepatic level. The present evidence indicates 
that the drugs in question do not increase periph- 
eral glucose utilization [5]. 

The patients reported to have had severe 
hypoglycemic reactions received the usual 
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Fic. 4. Partial balance studies. The solid blocks represent intake, clear blocks output, and 
striped blocks urea nitrogen. Horizontal:broken lines depict unmeasured values, short solid 
lines depict zero values. However, on days two to four, 2 to 6 gm. of glucose were found in 
the urine (total reducing substance). On days seven, eight and eleven, only the urine urea 


nitrogen was measured. 


therapeutic doses of carbutamide and were 
mildly diabetic. The coma, weakness and 
pyramidal signs associated with the hypo- 
glycemia responded to 100 ml. or less of hyper- 
tonic glucose solution given intravenously. One 
patient relapsed the day after the initial treat- 
ment, but again responded to glucose therapy. 
No permanent damage to the brain has been 
reported [7,3]. 

The coma, pyramidal signs and increased 
vagal tone which occurred in our patient are 
consistent with marked hypoglycemia. Despite 
simultaneous infusion of hypertonic glucose 
solutions, the blood sugar drawn shortly after 
admission was 15 mg./100 ml., and a correspond- 
ing cerebrospinal fluid sugar was 22 mg./100 ml. 
Since blood sugar levels below 25 mg./100 ml. 
as determined by the Folin-Wu_ method, 
represent non-glucose reducing substances, glu- 
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cose was probably absent from the peripheral 
circulation [6]. Because the chlorpropamide 
levels were not inordinately elevated, as com- 
pared to levels obtained in normal subjects, other 
factors responsible for the severe hypoglycemic 
response were investigated. Retention of the drug 
by diseased kidneys, acute hepatic injury, the 
coexistence of a functioning islet cell tumor and 
an idiosyncratic reaction were considered. 

The past medical history and the previous and 
present laboratory findings (Table 1) were con- 
sistent with the diagnosis of early glomerulo- 
nephritis. Thhe drug was, in fact, excreted more 
slowly in our patient than in other volunteers 
[4]. However, this does not appear to be a major 
factor in the production of the hypoglycemic 
reaction because the blood sugar and chlor- 
propamide levels failed to correlate. (Fig. 2.) 

Our patient might have had pre-existing 
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Fic. 5. Serial electroencephalograms. On January 8, 1958, a normal tracing was recorded, four 
months prior to the hypoglycemic reaction. After the reaction, slow wave activity, most marked 


in the left temporo-occipital region, was noted. 


hepatic disease, in view of the alcoholic history 
and the episode of jaundice. However, the 
results of the flocculation tests, serum bilirubin, 
cholesterol and esters, prothrombin time, trans- 
aminases, alkaline phosphatase and biopsy of the 
liver were normal. (Table u.) The serum iron 
was low; if hepatic necrosis had occurred, high 
values would be expected [7]. The results of the 
bromsulphalein test, serum cholinesterase level 
and serum protein electrophoretogram were 
abnormal. The initial retention of brom- 
sulphalein was 31 per cent and subsequent 
determinations varied from 12 to 16 per cent. 
This test is said to be the most sensitive indicator 
of hepatic injury after exposure to hepatotoxic 
drugs [7]. The serum cholinesterase level of 
0.46 Michel units, a value below the low normal 
value of 0.50 Michel units, is compatible with 
acute hepatic injury. The serum albumin, which 
was low, tends to parallel the serum cholinesterase 
levels [8]. It is noteworthy that high levels of 
serum cholinesterase were found in schizophrenic 
patients receiving insulin shock therapy [9]. 


Pericholangitis may occur rarely with chlor- 
propamide therapy but has not been associated 
with severe hypoglycemia [70,77]. 

The nitrogen balance and urea excretion were 
within the range expected according to the 
patient’s dietary intake [7/2]. (Fig. 3.) This is in 
accord with previous studies which have shown 
that the sulfonylurea compounds have no effect 
on nitrogen balance and urea excretion [74,75]. 
An explanation for the persistently low levels of 
blood urea nitrogen not associated with a fall in 
serum non-protein nitrogen or a rise in serum 
creatinine or uric acid has remained an enigma. 
(Fig. 4.) An increase in a normal or abnormal 
non-protein nitrogen compound must have oc- 
curred. The most likely possibility would seem to 
be amino acid nitrogen, since semiquantitative 
examination of the urinary amino acids showed 
an increase in total excretion with a normal 
distribution of the individual amino acids. The 
latter estimation is the more sensitive indicator of 
disease [75]. The evidence that chlorpropamide 
induced hepatic hypoglycemia as a result of 
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hepatic damage rather than by potentiating 
insulin at a hepatic level is equivocal, but in view 
of the patient’s clinical course we would favor the 
latter point of view. 

Because of the history of ill defined dizzy spells, 
the coexistence of a functioning islet cell tumor 
was suggested. In order to test this hypothesis the 
patient fasted seventy-two hours to provoke 
hypoglycemia, which did not occur. (Fig. 2.) 
The glucose tolerance test immediately upon 
termination of the starvation period gave a 
diabetic curve, a normal response after carbo- 
hydrate depletion. Two weeks later the test 
result was normal and random sugar determina- 
tions up to the present time also have been 
normal. 

No one explanation for the observed hypo- 
glycemic reaction is possible and it is likely that 
many factors were operating, an idiosyncratic 
reaction being presumed to be the underlying 
cause. 

Personality, intellectual and electroencephalo- 
graphic changes following prolonged hypo- 
glycemic coma have been reported in diabetic 
patients with overdoses of insulin and in psy- 
chotic patients who inadvertently remained in 
prolonged coma during insulin shock therapy. 
In the diabetic group, only clinical evidence 
of intellectual, pyramidal and extrapyramidal 
deficits have been recorded [76,77]. For the most 
part, such changes in the psychotic group were 
temporary. A more complete return to normal 
personality was noted in these patients with the 
longer periods of coma. In addition, there was 
diffuse slow wave activity in the electro- 
encephalograms which disappeared in two to 
six weeks [ 78,79,20,27]. 

To our knowledge, no cases of hypoglycemic 
coma have been studied by means of serial 
psychometric and electroencephalographic tech- 
nics in non-diabetic and non-psychotic persons. 
In comparing our patient’s performance before 
and after coma, it is obvious that he suffered 
severe and extensive damage to the brain leading 
to marked intellectual deficit. His precoma per- 
sonality adjustment was that of an aggressive 
sociopathic individual. He presently functions at 
the level of a moron and is quite docile, with- 
drawn and retiring. 

A review of the literature revealed no specific 
electroencephalographic changes following hy- 
poglycemic coma [78,27]. In our case, the 
changes were most pronounced in the left 
temporal lobe, the dominant side. 
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SUMMARY 


A case of prolonged hypoglycemia following 
ingestion of a sulfonylurea compound, chlor- 
propamide, is reported. Marked personal- 
ity, intellectual and electroencephalographic 
changes occurred. 
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Tarr, Lowell Sparks and John Hart, Medical 
Residents, assisted in the management of 
this case. Dr. Aaron Mallin interpreted the 
electroencephalograms. Serum chlorpropamide 
levels were obtained through the courtesy of 
Dr. Domenic Iezzoni. 


ADDENDUM 


Follow-up psychological studies were made at 
the Norristown State Hospital six months after 
the initial hypoglycemic episode by M. Powell 
Lawton, PH.D. Tests of intelligence indicated 
some improvement in the patient’s level from 
moronic to the borderline range. Retest three 
months later, however, with an alternate form of 
the test showed no further improvement. Al- 
though the Rorschach responses on admission 
to the State Hospital were more suggestive of a 
schizophrenic psychosis, later results showed 
striking changes more similar to those seen in the 
patient with typical organic brain damage. 
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Rupture of an Intrahepatic Aneurysm 
Due to Polyarteritis Nodosa’ 


EPHRAIM GLASSMAN, M.D. and Puitie V. SKERRETT, M.D. 


Philadelphia, Pennsylvania 


arteritis nodosa vary widely, depending 
upon the distribution of the lesions, and may 
mimic many other disease states. Specific signs 
and symptoms may localize the involved areas 
fairly precisely. In the case to be discussed, the 
rupture of an intrahepatic aneurysm with the 
development of a massive hemoperitoneum was 
the major manifestation of polyarteritis nodosa. 
This was marked by the onset of signs and 
symptoms indicating an acute surgical emer- 
gency. Preoperative diagnoses included perfo- 
rated peptic ulcer, acute appendicitis and retro- 
peritoneal hemorrhage. As in many other cases 
of polyarteritis, attention was diverted from the 
true diagnosis by the mode of onset. 


Bee presenting clinical features of poly- 


CASE REPORT 


(S. J. No. 27683), a fifty-six year old Negro man was 
admitted to the U. S. Veterans Administration 
Hospital, Philadelphia, Pennsylvania on April 30, 
1958, for the second time. He complained of bloody, 
painless urination which had been present intermit- 
tently during the preceding month. For two years he 
had been troubled by occasional headaches which 
had become persistent and severe during the month 
preceding hospitalization. He had also noted moder- 
ately severe pain in the left “‘kidney”’ area of the back 
for two weeks. 

The patient’s previous hospitalization was in 
September 1955 when he was admitted because of 
weight loss, cough and tarry stools. Studies during that 
period revealed an atypical pneumonitis which 
resolved slowly, a duodenal ulcer and mild hyper- 
tension in the range of 160/90 mm. Hg. The re- 
mainder of the past history and review of systems was 
non-contributory. 

Physical examination revealed a middle-aged, 
chronically ill Negro. His blood pressure was 210/140 
mm. Hg; pulse, 100 per minute; temperature, 98.6°F. 
The patient was moderately confused and mentally 


retarded. No venous distention was visible. Examina- 
tion of the fundi disclosed slight blurring and conges- 
tion of the discs and scattered hemorrhages and 
exudates. The breath sounds were bronchovesicular 
and diminished in intensity at the right base posteri- 
orly. Coarse rhonchi were diffusely audible bilaterally. 
The cardiac rhythm was regular. The second aortic 
sound was accentuated, and a moderately loud, low 
pitched, rough, early systolic murmur, without 
transmission, was present at the apex. No abdominal 
organs, masses or tenderness were palpated. The right 
testis was tender and small. Slight left costovertebral 
angle tenderness was elicited. The peripheral pulses 
were palpable in all extremities and no unusual thick- 
ening or beading of the vessels was noted. The 
remainder of the physical examination was within 
normal limits. 

Laboratory studies at the time of admission revealed 
a normal hemogram, blood urea nitrogen, creatinine, 
serological tests, calcium, phosphorus, albumin, 
globulin, sodium and potassium. The serum chlorides 
were 88 mEq./L.; serum carbon dioxide content, 
35.4 mEq./L. Examination of the urine disclosed a 
specific gravity of 1.009, 4-plus proteinuria, and 
innumerable red blood cells. Several urine cultures 
were sterile. Lumbar puncture revealed a pressure of 
330 mm. of cerebrospinal fluid, with 4 white blood 
cells/cu. mm. and normal values for sugar, protein 
and chlorides. Bromsulphalein retention was 10 per 
cent at forty-five minutes using 5 mg. of dye per kg. of 
body weight. The serum bilirubin was 0.6 mg. per 
cent. The electrocardiogram revealed a normal sinus 
rhythm. The R waves were tall in V3, V4 and V;, and 
the T waves were inverted in 1, 1, aVL, V4 and Vg. 
Roentgenogram of the chest revealed normal-appear- 
ing heart and lungs. An intravenous urogram showed 
prompt, bilateral opacification of the pelvocalyceal 
system; details were insufficient for evaluation of the 
calyceal system, but the ureters appeared to be nor- 
mal. A roentgenogram of the upper gastrointestinal 
tract demonstrated an ulcer crater on the greater 
duodenal curvature, measuring 114 cm. in diameter. 

After several days of bed rest the patient’s mental 
status improved considerably. However, his blood 
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Fic. 1. A cross section of the liver showing hemorrhage 
into the left lobe; fibrosis, nodules and aneurysms in 
branches of the hepatic artery. 


A-58-122 


Fic. 3. Gallbladder. Aneurysms of cystic artery and 
chronic cholecystitis. 


pressure remained in the range of 250/100 mm. Hg 
and he continued to have intermittent hematuria. 
Frequent paroxysms of hiccoughs were relieved by 
small doses of chlorpromazine. 

On May 29, 1958, after approximately four weeks 
of bed rest, the patient was awakened by intense, 
generalized abdominal pain which was most severe in 
the right lower quadrant of the abdomen and left 
paraumbilical area. Examination disclosed marked 
guarding of the entire right side of the abdomen, 
tenderness to palpation and rebound tenderness in the 


Fic. 2. Liver. Infarction and hemorrhage. 


right lower quadrant. Bowel sounds were absent. His 
blood pressure fell to 140/128 mm. Hg. A blood count 
revealed a hemoglobin of 7.6 gm./100 ml., a hemato- 
crit of 28 per cent and a white blood cell count of 
28,000/cu. mm. with a marked shift to the left. Roent- 
genographic examination revealed no apparent evi- 
dence of visceral perforation or intestinal obstruction. 

Laparotomy was performed on May 29, 1958. The 
peritoneal cavity contained 2,000 ml. of liquid and 
clotted blood which was issuing from an irregular 
tear, 5 cm. in length, in the anterior edge of the left 
lobe of the liver. The entire left lobe appeared blue 
and swollen. The tear was oversewn and the peritoneal 
cavity was thoroughly irrigated and explored. No 
other source of bleeding was found. The postoperative 
course was complicated by oliguria and two episodes 
of grand mal seizures. In spite of blood replacement, 
parenteral - fluids, antibiotics and oxygen therapy 
the patient died on June 2, 1958. 

At autopsy the abdominal cavity contained 3,000 
ml. of fluid and clotted blood. The left lobe of the 
liver was obscured by clotted blood, much of which 
was subcapsular (Fig. 1), and there was a large 
retroperitoneal hematoma extending from the pan- 
creas to the pelvis. The heart weighed 450 gm. and 
showed predominantly left ventricular hypertrophy. 
The coronary arteries were atherosclerotic and 
stenotic. The lungs showed minimal degrees of 
congestion and emphysematous changes at the apices. 
The lower third of the esophagus was thickened and 
indurated. A postpyloric chronic ulcer 1.5 by 1 cm. 
by 0.5 cm. was present. The left lobe of the liver was 
raised by a subcapsular hematoma and its anterior 
border was retained by recent surgical sutures. The 
cut surface of the liver showed a large hematoma 
measuring 8 by 3 by 3 cm. continuous with the sub- 
capsular hematoma and replacing most of the left 
lobe. In addition there were numerous small hepatic 
infarcts. Branches of medium and small hepatic 
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Fic. 4. Kidney. Aneurysm in arcuate artery typical of 
those in other organs. 


arteries were markedly thickened and showed numer- 
ous nodules and small saccular aneurysms at irregular 
intervals. (Figs. 1 and 2.) The gallbladder was 
thickened and fibrotic. The branches of the cystic 
artery stood out as thick prominent cords interrupted 
at irregular intervals by saccular aneurysms varying 
in diameter from 0.5 to 1.0 cm. (Fig. 3.) The kidneys 
showed scattered saccular aneurysms of the arcuate 
and interlobular arteries. (Fig. 4.) There were 
corresponding recent small infarcts. ‘The renal paren- 
chyma showed advanced nephrosclerotic changes. 
The left spermatic artery was sclerotic and nodular. 
(Fig. 5.) Proximally, it was lost in the retroperitoneal 
hematoma. The left testicle was enlarged due to 
marked fibrous thickening of the tunica albuginea. 
The right testicle was atrophic. The pancreatic 
artery was markedly thickened and presented nodules 
and saccular aneurysms along its course. The mesen- 
teric arteries were thickened and sclerotic and showed 
several small saccular aneurysms (1 to 3 mm. in 
diameter). The aorta showed a grade rv atheromatosis. 

Microscopic examination revealed that the tissues 
from the involved organs manifested the vascular 
lesions of polyarteritis nodosa in its different stages 
of development from (1) acute fibrinoid and mucoid 
degeneration, (2) leukocytic infiltration, (3) fibro- 
blastic and granulation tissue formation with develop- 
ment of nodules and aneurysms, or thrombosis, and 
(4) end-stage dense fibrous healing with disappearance 
of inflammatory cells. The liver, pancreas and kidneys 
exhibited small recent infarcts with associated arterial 
thrombosis and saccular aneurysms. The kidneys were 
the site of severe arterio- and arteriolar sclerosis. 


COMMENTS 


Involvement of the hepatic arteries by poly- 
arteritis was noted in 42 per cent of 230 cases 
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Fic. 5. Left spermatic artery. The typical acute exuda- 
tive lesion of polyarteritis. 


reviewed by Mowrey and Lundberg [7] in 1954 
and in approximately two-thirds of the cases 
cited by Popper and Schaffner [2]. The char- 
acteristic hepatic lesion is an area of ischemic 
necrosis resulting from interference with the 
arterial blood supply. 

A review of the literature discloses only five 
cases in which an intrahepatic hematoma was 
the major manifestation of polyarteritis. ‘Teacher 
and Jack [4] reported the case of a forty year old 
white man who was suffering from advanced 
cardiorenal disease. He died suddenly as the 
result of intraperitoneal hemorrhage. The 
autopsy findings were very similar to the subject 
of the present report. Klotz [3] presented the case 
of a thirty year old white woman who was being 
treated for a presumptive acute cholecystitis. 
She died suddenly, and at autopsy a large 
hematoma was found in the right lobe of the 
liver, with subcapsular extension and intra- 
peritoneal rupture. The microscopic findings 
were consistent with polyarteritis nodosa. Aneu- 
rysm formation was noted in the intrahepatic 
arteries. Similar cases were reported by Chit- 
wood [5], Solomon et al. [6] and Wuktich [7]. 
In each case the presenting signs and symptoms 
were those of an acute abdominal emergency. 
In no instance was the diagnosis established prior 
to exploration or autopsy. 


SUMMARY AND CONCLUSIONS 


1. A case of polyarteritis nodosa with terminal 
rupture of the liver due to an intrahepatic 
hematoma is presented. 
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2. Five additional cases collected from the 
literature are reported. 
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Idiopathic Hypoparathyroidism Presenting 
with Seizures 


A Patient Exhibiting Mobilization of Lead During Treatment 


ALAN F. HorMann, M.D. and J. DONALD SMILEY, M.D. 
New York, New York 


HIS report concerns the occurrence of 

pathologically elevated blood and urine 
lead levels in a patient with idiopathic hypo- 
parathyroidism during treatment with di- 
hydrotachysterol and calcium gluconate. The 
observation seems worthy of documentation 
since mobilization of lead during treatment of 
the hypoparathyroid patient has not been 
previously reported. 


CASE REPORT 


A forty-six year old German-born waitress was 
admitted to the Neurological Institute of the Colum- 
bia-Presbyterian Medical Center on June 15, 1956, 
with the chief complaint of frequent seizures and loss 
of memory over a two-year period. She had been in 
excellent health prior to that time. 

The past medical, family and social history was non- 
contributory. The patient’s seizures occurred sud- 
denly and without aura. She would lose consciousness 
for an hour, following which there were several hours 
of confusion and loss of memory. She had had such an 
episode, with clonic movements of the entire body, 
tongue biting and urinary incontinence, about every 
three months. Dilantin® and phenobarbital therapy 
were employed without benefit. Three months prior 
to admission her seizures increased in frequency to 
once or twice weekly, and she noted blurring of vision 
and general weakness. 

On admission, she was a pale, white woman with 
no evidence of weight loss. The quality and distribu- 
tion of hair, the texture of the skin and the state of her 
finger nails were normal. She was cooperative but 
unable to give a completely reliable history because 
of recent and past memory deficits. Her general affect 
was flattened, and she was quite depressed. 

Her temperature was 99°F. and the pulse 72. The 
blood pressure was 100/60 mm. Hg. The visual 
acuity was 20/100 in the right eye and 20/70 in the 
left, with bilaterally enlarged blind spots on visual 


field survey. Funduscopic examination showed 2 
diopters of papilledema bilaterally, with distended 
retinal veins, normal arteries and several hemorrhages 
near the disks. (Fig. 1.) The lungs were clear to per- 
cussion and auscultation. The heart was not enlarged 
by percussion, the rhythm was regular, and there were 
no murmurs. The abdomen was soft and non-tender; 
no organs or masses were palpated. 

On neurological examination, cranial nerve func- 
tion was intact except for impaired olfactory dis- 
crimination bilaterally. On the entire right side of the 
body there was slight weakness, hyperreflexia and 
impaired proprioception. The remainder of the 
physical examination was within normal limits. 

The initial clinical impression was a left fronto- 
parietal neoplasm. 

Analysis of the urine revealed 1-plus proteinuria 
and on microscopic examination there were 25 to 30 


Fic. 1. 
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white blood cells, 1 or 2 casts, and no red blood cells 
per high power field. On culture, Escherichia coli 
was obtained. Examination of the blood revealed a 
hematocrit of 41 per cent, and an erythrocyte 
sedimentation rate of 68 mm./hour (Westergren). 
The white blood cell count was 7,600/cu. mm. with a 
normal differential. The serological reaction for 
syphilis was negative. 

Further study revealed a serum non-protein nitro- 
gen of 23 mg. per cent and a fasting blood sugar of 
90 mg. per cent. The serum alkaline phosphatase 
activity was 11 to 14 Bodansky units on repeated 
determinations. Results of the cephalin flocculation 
test and thymol turbidity test were normal. The 
serum total protein was 7.2 gm. per cent, with 
albumin 4.8 and globulin 2.4 gm. per cent. The serum 
sodium, potassium, chloride and total carbon dioxide 
levels were all within normal limits. A bromsul- 
phalein test revealed normal dye excretion. The only 
electrocardiographic abnormality was a prolonged 
Q-T interval of 0.39 seconds. 

Skeletal roentgenograms were within normal limits. 
The chest roentgenogram, cholecystogram and bar- 
ium enema showed no abnormalities. An intravenous 
pyelogram demonstrated minimal right calyceal 
dilatation, but otherwise the renal architecture was 
An electroencephalogram was diffusely 
frontotemporal slow wave 


normal. 
abnormal, with left 
preponderance. 

The patient became progressively more obtunded 
although she experienced no seizures in the hospital. 
Right and left common carotid arteriograms were 
within normal limits. A bilateral ventriculogram was 
performed with normal findings. The cerebrospinal 
fluid was found to have a normal pressure with a 
protein concentration of 61 mg. per cent and a sugar 
concentration of 73 mg. per cent. On microscopic 
examination there were 15 white blood cells and 4,300 
red blood cells/cu. mm. 

At this time the diagnosis of lead encephalopathy 
was suggested to explain the patient’s unusual find- 
ings. A blood smear for stippling was negative. 
However, before blood and urine samples could be 
sent for lead determinations a markedly elevated 
serum phosphorus level of 7.4 mg. per cent was found, 
in association with a serum calcium concentration of 
5.5 mg. per cent. When these determinations were 
repeated the phosphorus was found to be 7 mg. per 
cent, and the calcium 4.2 mg. per cent. With these 
findings, the diagnosis of hypoparathyroidism was 
made. The patient was given a low phosphorus diet, 
and a daily regimen of 3.75 mg. dihydrotachysterol 
orally and 10 ml. of 10 per cent calcium gluconate 
intravenously. 

Pursuant to the previously considered diagnosis of 
lead encephalopathy, blood and urine lead determina- 
tions were obtained after six days of therapy, with the 
following results (sample of July 31, 1956): blood lead: 
2.5 X 10-? mEq./L. (0.26 mg. per cent); urine lead: 


0.29 X 10-? mEgq./L. (0.30 mg./L.) [7]. The upper 
limits of normal for blood lead are 0.07 to 0.12 mg. 
per cent [2], and for urine lead, 0.08 mg./twenty-four 
hours [3]. 

For the next three weeks the patient received 3.75 
to 7.5 mg. of dihydrotachysterol and 7 to 10 gm. of 
calcium lactate orally daily. Vitamin D at a daily 
dose of 100,000 to 200,000 units was then substituted 
for the dihydrotachysterol, with maintenance on the 
supplemental calcium lactate. Four weeks after the 
initiation of therapy the blood and urine samples 
showed no detectable lead. Smears of peripheral 
blood for stippling remained negative and random 
urine testing disclosed no coproporphyrin 11. 

On this regimen, the patient exhibited marked and 
continued improvement. Her memory deficit cleared, 
and her personality reverted to normal. Her fundal 
hemorrhages faded, the papilledema regressed, and 
her visual acuity improved to 20/30 in both eyes. 
The serum calcium and phosphorus concentrations 
returned to normal levels, and the serum alkaline 
phosphatase activity dropped progressively to less 
than 4 Bodansky units. 

Since her discharge on July 27, 1956, the patient 
has remained in good health except for one episode 
of hypercalcemic headaches and vomiting due to 
excessive intake of vitamin D. She is well maintained 
on 100,000 units of vitamin D three times weekly and 
12 gm. of calcium lactate daily. A blood lead deter- 
mination on June 20, 1958, two years after her admis- 
sion, again showed no detectable lead. Her erythro- 
cyte sedimentation rate, however, has remained 
elevated, and the electroencephalogram has con- 
tinued to be diffusely abnormal. 


COMMENTS 


This patient falls into the interesting group of 
middle-aged women with idiopathic hypo- 
parathyroidism presenting as a _ convulsive 
disorder, with papilledema and other manifesta- 
tions simulating brain tumor. The diagnosis of 
idiopathic hypoparathyroidism was finally estab- 
lished by the finding of extremely low serum 
calcium and elevated serum phosphorus levels. 
The patient gave no history of previous neck 
surgery. There were no physical stigmas of 
pseudohypoparathyroidism and, although her 
response to exogenous parathormone was not 
tested, she was assumed to represent a failure of 
parathyroid hormone synthesis rather than 
failure of end organ response. Studies are 
planned to attempt detection of an antipara- 
thyroid hormone antibody or inactivating 
substance in view of recently reported cases of 
idiopathic adrenal and parathyroid hypofunc- 
tion in which these substances were demon- 
strated in the serum [4,5]. 
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Increased serum alkaline phosphatase activity 
is quite uncommon in hypoparathyroidism, but 
has been previously reported [6-8]. The basis for 
this is unknown. Results of this patient’s liver 
function studies were entirely normal, and it is 
probable that the increase in serum alkaline 
phosphatase activity was of osteoblastic origin. 
The possibility that the elevated blood lead 
levels contributed to increased phosphatase 
activity cannot be excluded; we have been un- 
able to find any reports of patients with lead 
intoxication whose serum alkaline phosphatase 
activity was followed. However, results of other 
liver function tests remained normal in one 
reported series [9]. In animals acutely poisoned 
with lead there is a marked increase in the 
alkaline phosphatase of the liver cells as demon- 
strated histochemically [70], but in these experi- 
ments the serum enzyme levels were not 
followed. 

The retinal findings of this patient have been 
reported in other cases of hypoparathyroidism 
[77,72], with as yet little knowledge of their 
pathogenesis. This appears to be the first case 
of hypoparathyroidism in which retinal hemor- 
rhages have been present. 

The metabolic interrelations between lead 
and calcium have been the subject of investiga- 
tion for many years. Gusserow [73] in 1861 
emphasized the similarity between lead and 
calcium storage in the skeleton and suggested 
that changes in the metabolism of the organism 
as a whole might similarly affect the distribution 
of lead and calcium between bone and blood. 
Since that time numerous studies have confirmed 
the comparable biological behavior of lead and 
calcium. Vitamin D and dihydrotachysterol 
increase the absorption of both lead and calcium 
from the intestinal tract [74,75]. The mobiliza- 
tion of bone calcium in animals by administering 
massive doses of vitamin D has been clearly 
shown by Hess [76] and Ham [77]. Albright’s 
work in man [75] demonstrated that despite 
increased intestinal absorption, a negative 
calcium balance occurs in persons given large 
doses of vitamin D. It is now clearly established 
that parathormone increases the rate of resorp- 
tion of skeletal calcium [78]. The studies of 
Hunter and Aub in man [79] and Flinn in 
animals [20] gave confirmatory evidence of 
skeletal lead mobilization in plumbism by large 
amounts of parathormone and vitamin D, 
respectively. 

The studies of Sobel [27], however, have 
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shown that calcium and lead do not invariably 
behave identically in the rat; rather, that 
with appropriate experimental conditions, cal- 
cium and lead may be shown to move in oppo- 
site directions with respect to bone. It has been 
suggested that blood lead levels are influenced 
significantly by serum phosphorus levels, gen- 
erally varying inversely as the serum phosphorus 
levels [22]. 

A few studies [23-33] have been made on the 
distribution of lead between red cells and serum, 
the concentration of ionized lead, and the bind- 
ing of lead by serum proteins, but the exact dis- 
tribution of circulating lead is not fully known. 

The classical studies of Aub [26] and Kehoe 
[27] clarified the normal dietary intake and the 
steady state of lead absorption and excretion in 
man. Tompsett’s postmortem studies [28] dem- 
onstrated measurable tissue lead concentrations 
in man without a history of lead exposure. 
Kehoe’s observations on a small group of per- 
sons with a large lead exposure suggest that there 
is a continuously increased lead excretion after 
exposure until normal blood and urine (and 
presumably total body) lead levels are reached 
[3]. However, prolonged osseous storage of lead 
with a period of normal blood and urine levels 
may be possible as demonstrated in cats by Aub 
et al. [29] and suggested by other investigators 
[30,37]. 

The elevated blood and urine lead levels in 
our patient represented mobilization of lead 
from bone, since they coincided with the admin- 
istration of dihydrotachysterol and calcium while 
the patient was on a constant low phosphorus 
diet, and the blood lead level fell while she was 
on the same diet and therapy. Despite repeated 
efforts, we have been unable to obtain a history 
of increased lead exposure in this patient. 

Recently, reports from Australia have im- 
plicated lead as a cause of idiopathic chronic 
nephritis. These data bear on the question of 
increased skeletal lead content without in- 
creased urinary lead excretion. Henderson [32] 
has found high bone lead concentrations as a 
result of lead exposure in patients with idiopathic 
nephritis in Queensland. He cites data from 
other workers showing normal urinary lead 
excretion in Queensland patients with all types 
of nephritis. As these measurements were not 
made on identical patients, the data are pre- 
sumptive but not conclusive as to the origin of 
increased lead stores without concomitantly 
increased lead excretion values. 
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Whether mobilization of lead from normal 
skeletal stores under the influence of vitamin D 
or parathormone can occur sufficiently rapidly 
to raise the blood and urine concentration to ab- 
normally high levels has not been determined. 
Striking lead mobilization does occur in normal 
persons after one intravenous dose of mono- 
calcium disodium ethylene diamine  tetra- 
acetate [34]. 

The fall in this patient’s serum phosphorus at 
the time of the high serum lead level was proba- 
bly attributable to the phosphaturic effect of 
dihydrotachysterol in the hypoparathyroid pa- 
tient [75]. Although a fall in serum phosphorus 
has been noted in a few patients with hypo- 
parathyroidism after calcium infusion [7,35], the 
response of most normal and hypoparathyroid 
patients to calcium infusion has been a distinct 
rise in serum phosphorus [35,36]. 

Large doses of vitamin D cause hypercalcemia 
without significant disturbances of the serum 
phosphorus levels in normal persons [37]. Di- 
hydrotachysterol is now believed to have effects 
on calcium and phosphorus metabolism quite 
similar to those of vitamin D [38]. It is probable 
therefore that dihydrotachysterol can mobilize 
bone lead without changes in serum phosphorus 
concentrations, although this specific question 
has not been studied. There were thus two 
reasons for a shift of lead from bone to blood in 
this patient: first, dihydrotachysterol probably 
causes lead mobilization unrelated to changes in 
serum phosphorus concentrations; second, a 
falling serum phosphorus level results in a 
shift of lead from bone to the extracellular 
phase. 

A direct effect of lead poisoning on the 
morphology or function of the parathyroids has 
not been clearly demonstrated. No mention is 
made in the clinical literature of subsequent 
parathyroid dysfunction after chronic lead 
poisoning in man. Peisachowitz [39] produced 
both acute and chronic lead poisoning in dogs 
and cats, and observed hyperemia of the para- 
thyroids without other histologic changes, but he 
did not follow serum calcium and phosphorus 
levels. Rutishauser [40] produced severe chronic 
lead poisoning in dogs, to the point of marked 
emaciation, and noted advanced parathyroid 
hyperplasia with vsteitis fibrosa at postmortem. 
Renal function was not assessed, and his findings 
may well have represented secondary para- 
thyroid hyperplasia because of phosphate re- 
tention in renal insufficiency. 


SUMMARY 


A case of idiopathic hypoparathyroidism with 
a history of repeated grand mal seizures is 
reported. The patient exhibited papilledema 
and retinal hemorrhages despite normal cerebro- 
spinal fluid pressure. The fundal findings, 
unilateral neurological signs and electroenceph- 
alographic abnormalities simulated a_ brain 
tumor, but cleared after treatment with di- 
hydrotachysterol and calcium gluconate. Lead 
mobilization from skeletal stores occurred during 
therapy, and mechanisms involved in inter- 
relationships between lead, calcium and phos- 
phorus metabolism are discussed. 
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Coexistent Addison’s Disease and North 


American Blastomycosis" 


Rosert G. Fisu, M.D., TimotHy TAKARO, M.D. and MARTHA LOVELL, M.D.T 


ORTH American blastomycosis, a chronic 
granulomatous disease caused by Blasto- 
myces dermatitidis, is characterized clinically by 
either cutaneous or systemic manifestations. 
Clinicopathologic studies [7-3] indicate that 
both forms of the disease, with the exception of 
the direct inoculation type of cutaneous blasto- 
mycosis, follow a primary pulmonary infection. 
In addition to the lungs and the skin, the genito- 
urinary system, the central nervous system, the 
skeletal system and other organs may be involved. 
It is not generally appreciated, however, that the 
adrenal glands may be affected in a significant 
number of instances. 

In the autopsy series of Martin and Smith [4], 
and of Schwarz and Baum [7], totaling sixty 
cases, adrenal involvement was noted in six 
cases (10 per cent). In an additional review of 
approximately forty autopsy reports, three more 
cases were found [2,5,6]. It is probable that if all 
adrenal glands had been searched specifically 
for the organisms of B. dermatitidis with special 
stains (periodic acid-Schiff stain, silver meth- 
enamine stain) an incidence higher than 10 per 
cent would have been found. 

There has been one previous report of 
Addison’s disease in a patient with proved North 
American blastomycosis. This patient, first 
documented by Jacobsen and Dockerty [5], with 
a follow-up note by Kunkel and-his associates 
[2], underwent excisional surgery for blasto- 
mycotic involvement of the epididymis. Eleven 
and a half years after the diagnosis was estab- 
lished he was still alive but Addison’s disease 
had developed, presumably due to blastomyco- 
sis. In nearly all of the nine autopsy cases of 
systemic blastomycosis with adrenal involvement 
which have been reported in the literature there 
was involvement of some portion of the genito- 
urinary tract as well, and lesions were scattered 
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* From the Veterans Administration Hospital, Oteen, North Carolina. 


diffusely in other systems, including the central 
nervous system, liver, spleen and other organs. 


CASE REPORT 


R. T.,f a fifty-four year old white man, was ad- 
mitted to the urological service of this hospital 
November 20, 1951, with a three-week history of 
perineal pain and symptoms of vesical neck obstruc- 
tion. The significant physical findings were confined 
to a tender, firm, enlarged prostate gland and low 
grade fever. The blood pressure was 110/60 mm. Hg. 
Roentgenographic and physical examination of the 
chest were within normal limits except for a few 
strands of infiltration in the left infraclavicular region. 
There were no cutaneous lesions. An abundant 
greenish yellow prostatic secretion was obtained 
following prostatic massage. The total white blood 
cell count was 19,900 per cu. mm. with the following 
differential: neutrophils 85 per cent, lymphocytes 14 
per cent, eosinophils 1 per cent. Approximately three 
weeks after admission, and concurrent with twice 
weekly prostatic massage and administration of 
Gantrisin,® 1 gm. every six hours, generalized, 
sparsely scattered crusted pustular skin lesions devel- 
oped in the patient. Five weeks after admission a 
persistent non-productive cough developed. On 
December 27, 1951, incision and drainage of a large 
fluctuant prostatic abscess was performed through a 
perineal approach. Smears and cultures of the 
prostatic pus produced Blastomyces dermatitidis as 
did subsequent scrapings and cultures from the skin 
lesions. Skin sensitivity with autogenous and stock 
vaccine was negative. A complement fixation test was 
positive 1:4. Repeat roentgenogram of the chest on 
January 3, 1952, revealed a diffuse fine mottling or 
nodularity throughout the entire left lung and the up- 
per two-thirds of the right lung field. During the fol- 
lowing five months various forms of therapy were 
employed including iodides, undecylenic acid, 

{ The genitourinary complications occurring in this 
patient to November 1953 have been previously reported 
by Burr, A. H. and Huffines, T. R. in a paper entitled 
Blastomycosis of the prostate with miliary dissemination 
treated by stilbamidine. J. Urol., 71: 464-468, 1954. 


} Present address: Veterans Administration Hospital, Atlanta, Georgia. 
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Aureomycin® and sulfonamides. The clinical course 
during this period was one of progressive deterioration 
with daily fever, persistent cough, skin lesions, 
marked weakness, anorexia and occasional nausea and 
vomiting. The patient also had bilateral epididymitis 
and repeated recurrences of the prostatic abscess, 
eventually requiring open drainage. For a period of 
time the patient manifested disorientation and a left 
hemiparesis. The spinal fluid contained 102 mg. per 
cent of protein without an increase in cell content. 
Although blastomycosis involving the central nervous 
system was suspected, the organisms of B. dermatitidis 
could not be recovered from the spinal fluid. Material 
obtained from the skin lesions and the prostatic 
secretions were however repeatedly positive on culture 
for Blastomyces dermatitidis. There was a persistent 
leukocytosis ranging from 15,000 to 20,000 per cu. 
mm. accompanied by a 6 to 10 per cent eosinophilia 
on smear. 

Therapy with stilbamidine was instituted June 
9, 1952. Two courses, totaling 4.85 gm., with an 
interval rest period were given. This was accompanied 
by rapid clearance of the skin lesions and a marked 
improvement in the patient’s general condition. There 
was no further recurrence of the prostatic abscess. 
By August 12, 1952, chest roentgenogram had 
showed considerable clearing of the infiltrative pul- 
monary lesion. The patient was discharged September 
17, 1952. 

Three weeks after discharge the patient was 
readmitted with recurrent skin lesions on the face, a 
left epididymitis, and a severe right epididymo- 
orchitis. Again positive cultures were obtained from 
sci apings of the skin lesions. Spinal fluid and multiple 
spuium cultures were negative. Under stilbamidine 
coverage, bilateral epididymo-orchiectomy was per- 
formed on October 24, 1952. B. dermatitidis was 
recovered from the pathologic tissue. A total of 3.15 
gm. of stilbamidine was administered on this admis- 
sion, with clearance of the skin lesions by November 
5, 1952, and complete clearance of the residual radio- 
graphic pulmonary changes by December 2, 1952. 

During the next two and a half years the patient 
was seen at frequent intervals. Except for complaints 
of mild generalized weakness and frequent minor 
infections, he remained well. Voided urine cultures 
were positive for B. dermatitidis on August 10, 1954, 
and January 21, 1955. Throughout this period the 
patient had a persistent eosinophilia of 6 to 9 per cent 
and the blood pressure ranged from 90/60 to 120/70 
mm. Hg. No cutaneous pigmentation was noted. 

On June 6, 1955, the patient was readmitted to the 
hospital with recurrent skin lesions on the cheek which 
were positive on scraping for B. dermatitidis. The skin 
test sensitivity was negative and a complement fixation 
test was positive 1:16 on July 19, 1955. The voided 
urine was positive and catheterized urine negative for 
B. dermatitidis. There was no evidence of recurrent 
pulmonary lesions. A total of 6.45 gm. of 2-hydroxy- 
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stilbamidine was administered, with clearing of the 
skin lesions. Cultures of the urine for fungi were 
negative. During this period of hospitalization, extend- 
ing to October 13, 1955, the patient noted increasing 
weakness, mild anorexia and occasional nausea and 
vomiting. The blood pressure ranged from 80/60 to 
92/72 mm. Hg. 

During the following year there was no obvious 
evidence of recurrence of blastomycosis, but the pa- 
tient complained of increasing anorexia and weak- 
ness, with occasional nausea and vomiting. Pigmenta- 
tion was first noted by the family in the summer of 
1956 and was attributed to sun tanning. Dental 
extractions in October 1956 were followed by a three- 
day period of severe prostration accompanied by 
marked anorexia, nausea and vomiting. 

On readmission to the hospital on December 6, 
1956, the patient had the full-blown picture of 
Addison’s disease with impending crisis. The char- 
acteristic pigmentation of Addison’s disease was 
present, and contrasted sharply with the scars of the 
earlier cutaneous lesions of blastomycosis. This was 
accompanied by marked weakness, persistent nausea 
and vomiting and hypotension ranging from 90/70 to 
70/50 mm. Hg. The urinalysis was essentially normal, 
as was a blood count except for an 8 per cent eosino- 
philia. Serological tests likewise were negative. 
Sputum, urine and spinal fluid cultures were negative 
for B. dermatitidis. Blood studies showed a urea 
nitrogen of 40 mg. per cent, creatinine 3.4 mg. per 
cent, fasting blood sugar 116 mg. per cent, serum 
sodium 126 mEq./L., serum potassium 5.4 mEq./L., 
and serum chlorides 98 mEq./L. A blastomycin skin 
test was negative. Fasting eosinophil counts on suc- 
cessive days were 1,122 and 866 per cu. mm. Follow- 
ing the intravenous injection of 25 mg. of ACTH over 
a six-hour period on each day, there was a drop to 
1,109 and a rise to 969 per cu. mm., respectively. 
Collodion agglutination and complement fixation 
tests were negative for blastomycosis. The twenty-four 
hour urinary excretion of 17 ketosteroids was 1.8 mg. 

Treatment was instituted immediately with the 
usual forms of therapy, including intravenous hydro- 
cortisone, intramuscular cortisone with supplemental 
desoxycorticosterone acetate, and intravenous infu- 
sions of glucose and saline solutions. With the institu- 
tion of steroid therapy, a concurrent course of 
2-hydroxystilbamidine, totaling 4.5 gm. was given. 
The response to therapy was striking. It has been 
possible to maintain this patient on a regimen of 
25 to 3744 mg. of cortisone daily supplemented by 
3 gm. of sodium chloride. There has been no further 
evidence of recurrence of active blastomycotic lesions 
at this writing, twenty-two months after his admission 
with Addisonian crisis. 


COMMENTS 


Recent studies have focused attention upon 
the systemic mycotic infections as etiologic agents 
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in the production of chronic adrenal cortical 
insufficiency. Crispell et al. [7] in a recent review 
found thirty-six cases of adrenal involvement 
proved by autopsy and fifteen with clinical 
symptoms suggestive of adrenal insufficiency, 
but not verified by laboratory tests, among 103 
cases of disseminated histoplasmosis. Maloney [8] 
pointed out that adrenal involvement occurred 
in sixteen of fifty cases of disseminated coccidi- 
oidomycosis, although clinical Addison’s disease 
was rarely described. We believe that the inci- 
dence of adrenal involvement in blastomycosis 
may be higher than that found thus far in the 
literature. 

Maloney postulates that the paucity of clinical 
cases of Addison’s disease in systemic mycotic 
infections, which apparently rather commonly 
affect the adrenal glands, is explainable in one of 
two ways: (1) Patients with these diseases may 
succumb from dissemination of the disease to 
other vital parts before the adrenals are com- 
pletely destroyed. (2) It is estimated that over 
95 per cent of the total adrenal cortical tissue 
must be destroyed before the typical symptom 
complex characterizing Addison’s disease ap- 
pears. Complete destruction of both glands by 
the deep mycoses has been reported rarely. 

To these reasons we would add a third: Symp- 
toms of adrenal insufficiency may be submerged 
in the total clinical picture of the systemic 
mycotic infection, or erroneously attributed to 
the fungus infection itself. In the presence of 
diseases which until recently were considered to 
be fatal in a high proportion of cases, it would be 
easy to ascribe non-specific gastrointestinal 
complaints, asthenia and hypotension, par- 
ticularly in the absence of pigmentation, to 
the primary disorder. Establishing the diagnosis 
of Addison’s disease ordinarily is simple. Occa- 
sionally, however, it is possible to overlook even 
the obvious in the absence of a reasonable degree 
of suspicion. This played a part in delaying 
diagnosis and in postponing treatment in our 
patient. 

Spontaneous healing or regression of blasto- 
mycotic lesions may occur at varying rates 
according to site of involvement, and persistence 
of active lesions at some sites after regression 
elsewhere under the influence of chemotherapy 
(aromatic diamidines) has been observed. The 
lesions responding most rapidly to chemo- 
therapy (and which occasionally regress spon- 
taneously) are the non-cavitary pneumonic 
pulmonary lesions. Not uncommonly, genito- 
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urinary, Cutaneous or cavitary pulmonary lesions 
may remain persistently active despite chemo- 
therapy. Lesions may recur after apparently 
successful therapy with either stilbamidine 
or 2-hydroxystilbamidine. In a recent review of 
113 patients with blastomycosis treated with the 
aromatic diamidines [9], a recurrence rate of 33 
per cent was noted among those patients who 
had been followed up one year or more after 
treatment. It is important to note that constitu- 
tional symptoms are not a necessary accom- 
paniment of an active but localized lesion of 
blastomycosis. 

The reported experience with amphotericin-B, 
although promising, is too sparse to draw final 
conclusions as yet regarding the efficacy of this 
drug in the treatment of blastomycosis. 

Since adrenal destruction due to blastomycosis 
has been demonstrated in an appreciable 
percentage of autopsy cases, it is reasonable to 
postulate that in disseminated blastomycosis, 
adrenal involvement may occur in the form of 
an active localized lesion, without systemic 
symptoms, even after regression of the lesions 
elsewhere. Depending upon the degree of 
cortical destruction, latent insufficiency may 
occasionally occur and more rarely chronic 
adrenal cortical insufficiency (Addison’s disease) 
may result. It is possible in the rapidly progres- 
sive and fatal form of North American blasto- 
mycosis that the manifestations of acute adrenal 
cortical insufficiency may be obscured or 
overlooked. In the presence of unexplained 
deterioration, therefore, in either the acute or 
chronic recurring form of North American 
blastomycosis, appropriate adrenal cortical func- 
tion studies should be carried out. Since various 
stress reactions may precipitate acute episodes 
of adrenal cortical insufficiency, it is also impor- 
tant, in the asymptomatic patient, to be aware of 
the existence of latent degrees of cortical insuffi- 
ciency. In view of the relative simplicity and 
ready availability of laboratory technics designed 
to detect varying degrees of adrenal cortical 
insufficiency, no case should remain undis- 
covered if its existence is suspected. With ade- 
quate replacement therapy, treatment may be 
life-saving. 


SUMMARY 


The clinical course of a patient with proved 
systemic blastomycosis, in whom Addison’s 
disease developed, is reported. Since the inci- 
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dence of involvement at autopsy of the adrenals 
with blastomycosis is appreciable (between 5 and 
10 per cent) this possibility should be considered 
in patients with systemic blastomycosis whether 
they are symptomatic or not, and appropriate 
studies undertaken to evaluate the adequacy 
of adrenal cortical function. 
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Addison’s Disease Secondary to 


Adrenocortical Destruction by Metastatic 


FORTY-SIX year old white woman (M. R.) 
was admitted to the hospital in August 

1956 because of a lump in the breast. A radical 
mastectomy was performed and followed by 
local roentgen rays, radon seed and radiocobalt 
radiation therapy. The pathologist reported, 
“Carcinoma, inflammatory type.” The patient’s 
blood pressure before discharge was 142 mm. Hg 
systolic, 86 mm. Hg diastolic. Her weight was 
154 pounds. When seen again in January 1958 
the blood pressure was 108 systolic over 64 dias- 
tolic and her weight was 148 pounds. Her skin 
showed areas of grey-brown pigmentation, par- 
ticularly in the creases of the hands and knuckles. 
Her complaints were chronic unremitting 
fatigue, pain in the lower part of her back and 
right hip, and persistent cough. Roentgeno- 
graphic examination revealed a “‘cannon-ball’’ 
mass in the right side of the mid-thorax and a 
destructive lesion in the right ileum. One week 
later bilateral adrenalectomy was performed. 
The glands were approximately two times 
normal size; the left gland weighed 19.7 gm. 
and the right gland weighed 14.6 gm. Approxi- 
mately 95 per cent of the glands were replaced 
by opaque, pinkish grey tumor tissue. The in- 
tact cortex was bright yellow. The patient was 
treated with cortisone and her condition tem- 
porarily improved. The blood pressure remained 
at levels of 118 to 130 mm. Hg systolic, 78 to 
82 diastolic. The downhill course was relentless, 
however, and she died on April 28, 1958. A post- 
mortem examination was not made. Despite 
the absence of laboratory evidence, the clinical 
findings strongly suggested the presence of 
Addison’s disease, secondary to adrenocortical 
replacement by neoplastic tissue prior to surgery. 
In the light of this case, a literature review was 


Carcinoma of the Breast’ 
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undertaken of reports and statistics on the fre- 
quency of metastasis of epithelial tumors to the 
adrenal glands. The incidence of adrenal in- 
sufficiency from metastatic destruction of the 
cortex was also studied. 

Metastasis of carcinomas to the adrenal 
glands is a common finding at autopsy. Glomset 
[7] in 1938 found adrenal metastases in 13 per 
cent of 821 patients with malignant tumors. 
Burke [2] in 1934 reported that adrenal metas- 
tases were present in 49 (13 per cent) of 371 pa- 
tients with tumors. He found metastases from 
primary tumors of the esophagus, stomach, 
testicle, penis, prostate, uterus, thyroid, tongue, 
bladder and pancreas in either one or both 
adrenals. In 1948 [3] a patient with adrenal 
metastasis from carcinoma of the gallbladder 
was described. 

Metastasis of carcinoma of the breast to the 
adrenals occurs with a frequency that is equaled 
or exceeded only by bronchogenic carcinoma. 
Saphir and Parker [4] reviewed the literature in 
1941, including a series compiled in 1880. 
(Table 1.) In their own study of forty-three in- 
stances of carcinoma of the breast they found 
adrenal involvement in nineteen cases, in thir- 
teen of which the tumor was recognized on 
gross examination. In seven instances both 
adrenals were involved. They concluded that 
the adrenal gland was the third most common 
metastatic site for carcinoma of the breast, 
following the lung (twenty-eight cases) and the 
liver (twenty-four patients). Burke [2] reported 
nine cases of adrenal involvement in thirty-five 
women with carcinoma of the breast and Willis 
[5] in 1941 described forty-five women with car- 
cinoma of the breast, 9 of whom showed adrenal 
metastases. Clark and Rowntree [6] stated in 
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TABLE I 
CHRONOLOGICAL SUMMARY OF REPORTED INCIDENCE OF 
METASTASES FROM CARCINOMA OF THE BREAST TO 
THE ADRENAL GLAND OR GLANDS, MODIFIED 
FROM SAPHIR AND PARKER [4] 1941 


TABLE 0 


A COMPARISON OF THE FREQUENCY OF METASTASES TO THE 


ADRENAL GLANDS OF CARCINOMAS FROM BRONCHUS 
AND BREAST, MODIFIED FROM BULLOCK AND 
HIRST [8] 


Adrenal 
Metas- 
tases 


Total 


Series from 
Cases 


von Torok and Wittel- 


Saphir and Parker.... 


1934 that cancer of the breast produced adrenal 
metastases more frequently than any other type 
of tumor. 

More recent statistical surveys of adrenal 
tumor metastases compare the incidence of car- 
cinoma of the lung and breast. (Table 1.) In 1950 
Abrams, Spiro and Goldstein [7] found the in- 
cidence to be 35.6 per cent for cancer of the lung 
and 53.9 per cent for cancer of the breast, Bul- 
lock and Hirst [8] reported 28.7 per cent for lung 
and 12.8 per cent for breast and Sahagian- 
Edwards and Holland [9], reporting in 1954, 
found 42 per cent for lung and 34 per cent for 
breast. 

Except for one case, admittedly questionable, 
which was reported by Thomas Addison [70] in 
1849, we have found no reported instance of 
adrenal insufficiency from carcinoma of the 
breast. In 1952 Butterly et al. [77] reported 
three and possibly four cases of Addison’s dis- 
ease resulting from destruction of the adrenal 
glands secondary to bronchogenic carcinoma. 
In a review of the literature they could find only 
seven cases reported in fifty years; four from 
bronchogenic carcinoma, one from gastric car- 
cinoma, and two cases in which the type of 
tumor was not mentioned. In 1952 Wallach and 
Scharfman [72] reported an additional case and 
the most recent reports of Sahagian-Edwards 
and Holland [9] cited four more cases in 1954. 

It is not quite clear why adrenocortical in- 
sufficiency does not develop more frequently in 
such patients. A possible explanation is that the 
course of cancer of the breast is terminated 
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Bronchus 


Series from 
Ad- No. 
renals Cases 


Abrams, Spiro and 
Goldstein 


Sahagian-Edwards and 
Holland 


before sufficient adrenal cortex is compromised. 
Wells [73] stated in 1930 that 90 per cent of 
patients with Addison’s disease show complete 
destruction of the adrenal gland. Guttman [74] 
in the same year reported that bilateral meta- 
static tumors seldom give rise to Addison’s 
disease. He noted that although little adrenal 
tissue is recognized on gross examination, “‘one 
finds abundant nests of surviving parenchyma 
microscopically.”” He concluded that “the in- 
complete destruction of the suprarenal glands 
may account for the absence of symptoms of 
Addison’s disease.”? Whatever the mechanism, 
it would appear that the rapid death of some 
patients with cancer of the breast may be 
hastened by occult Addison’s disease. 


SUMMARY 


A case of carcinoma of the breast with meta- 
static destruction of the adrenal glands, produc- 
ing clinical evidence of Addison’s disease, is 
presented. An analysis of the literature indicates 
a high incidence of metastasis of cancer of the 
breast to the adrenals, of the same order of fre- 
quency as bronchogenic carcinoma, but the inci- 
dence of Addison’s disease is low. 
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Isolated Congenital Pulmonic 
Valvular Regurgitation’ 


Diagnosis by Cardiac Catheterization and Angiocardiography 


N. PERRYMAN COLLINS, M.D., EUGENE BRAUNWALD, M.D. and ANDREW G. Morrow, M.D. 
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CQUIRED organic pulmonic valvular _re- 
gurgitation is not an uncommon lesion. It 
is seen following bacterial endocarditis, rheu- 
matic fever and syphilis. Functionally it is 
frequently observed in patients with pulmonary 
hypertension and presumably results from dilata- 
tion of the pulmonary artery. Isolated congenital 
pulmonic regurgitation, however, is extremely 
rare, and results either from congenital mal- 
formation or absence of the valve cusps or from 
idiopathic dilatation of the pulmonary artery. 

In the 1,000 cases of congenital heart disease 
studied by Abbott [7] there were only eight cases 
of primary pulmonary insufficiency. Six of these 
Cases were associated with idiopathic dilatation 
of the pulmonary artery; whereas only two were 
secondary to anomalies of the valve cusps. Pul- 
monary insufficiency occurs only in the minority 
of patients with idiopathic dilatation of the 
pulmonary artery [2] and, apparently, is even 
less common in patients with malformation of 
the valve cusps. Kissin [3] reviewed the records 
of 151 patients in whom the heart had four- 
cusped pulmonic valves; there were only three 
who appeared to have had pulmonic insufii- 
ciency. Ford et al. [4] found sixteen cases of 
isolated bicuspid pulmonic valves described in 
the literature, in four of these there was evi- 
dence of pulmonic regurgitation. 

Most descriptions of isolated pulmonary 
regurgitation have been based on postmortem 
studies, in some of which a retrospective review 
of the clinical data suggested the diagnosis. In 
the past several years, however, there have been 
isolated reports in which this anomaly was sus- 
pected during life [2,4-7]. It is the purpose of 
this paper to present a patient in whom the 
diagnosis was made unequivocally at the time of 


right heart catheterization and confirmed by 
angiocardiography. 


CASE REPORT 


J. H. (Clinical Center 02-14-53), a thirty-six year 
old housewife, had been known to have a heart mur- 
mur since early childhood. She had been entirely 
asymptomatic and had undergone three pregnancies 
without difficulty. Eleven months prior to admission 
she began to experience mild exertional dyspnea 
and easy fatiguability. There was no history suggestive 
of rheumatic fever or bacterial endocarditis. She was 
admitted to a university medical center and under- 
went two right heart catheterizations and two trans- 
bronchial left heart catheterizations the results of 
which were reported to be normal. In spite of these 
studies it was thought that a small left-to-right shunt 
was present and she was referred to the National Heart 
Institute for further diagnostic study. 

On physical examination she was found to be well 
developed and did not appear to be ill. The pertinent 
physical findings were limited to the heart. The 
point of maximal impulse was in the fifth left inter- 
costal space in the left midclavicular line; there was 
no enlargement to percussion, although there was a 
slight right ventricular lift. A diastolic thrill was felt 
in the third and fourth left intercostal spaces at the 
left sternal border. Normal sinus rhythm was present 
and the heart sounds were of good quality. The second 
pulmonic sound exhibited normal splitting during the 
respiratory cycle. At the left sternal border there was a 
short, grade 1 (grade 6 scale) systolic murmur and a 
louder (grade 3 (grade 6 scale)), low-pitched murmur 
most prominent in mid-diastole. (Fig. 1.) This diastolic 
murmur was transmitted over the entire precordium, 
but was loudest in the third and fourth left intercostal 
spaces. The lungs were clear, there was no evidence 
of heart failure, and the systemic blood pressure was 
normal. 

Radiographic examination revealed the heart size 
to be normal. There was slight enlargement of the 


* From the Clinic of Surgery, National Heart Institute, Bethesda, Maryland. 
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Fic. 1. Patient J. H. Phonocardiogram taken at third intercostal space at left 


sternal edge. S; and Sz represent the two heart sounds. DM represents the mid- 


diastolic murmur. 


pulmonary artery and its major branches. (Fig. 2.) 
At fluoroscopic examination the pulmonary artery 
pulsations were quite prominent. The electrocardio- 
gram demonstrated a normal sinus rhythm, vertical 
position with rightward direction of the terminal 
forces. (Fig. 3.) On the basis of these clinical findings 
the presence of isolated pulmonary regurgitation was 
considered likely. 

At right heart catheterization a double lumen 
catheter was passed into the heart with the distal 
lumen lying in the main pulmonary artery and the 
proximal lumen in the right ventricle. Simultaneous 
pressures from these two areas were recorded by 
means of two equisensitive Statham pressure trans- 
ducers adjusted to identical baselines. Except for 
identical systolic and diastolic pressures in the right 
ventricle and pulmonary artery (28/7 mm. Hg) 
(Fig. 4), the catheterization findings were normal. 


Fic, 2. Posteroanterior and lateral roentgenograms of patient J. H. 


(Table 1.) The nitrous oxide test [8] in the pulmonary 
artery was 2 per cent, indicating the absence of any 
left-to-right shunt. 

A selective angiocardiogram was performed with 
the injection of 47 cc. of 70 per cent Urokon® through 
a No. 8 Lehman catheter into the main pulmonary 
artery by means of a Giedlund power syringe. Simul- 
taneous anteroposterior and lateral films were exposed 
at a rate of six per second with a Schonander angio- 
cardiographic apparatus. Marked regurgitation of dye 
from the pulmonary artery into a dilated right ventri- 
cle was noted. (Fig. 5.) The regurgitant jet appeared 
to be localized to the anterior portion of the valve and 
no valve leaflet could be identified in this area. The 
diagnosis of pulmonary regurgitation can be estab- 
lished by this technic since right ventricular filling has 
not been noted following injections distal to presum- 
ably normal and competent valves. 
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TABLE I 


Fic. 3. Electrocardiogram of patient J. H. 


SUMMARY OF DATA OBTAINED AT RIGHT HEART 
CATHETERIZATION (PRESSURES IN MM. HG) 


Site Systolic/Diastolic | Mean 


Pulmonary “capillary”... .| 
Pulmonary artery 

Right ventricle 

Right atrium 


15/9 
28/7 
28/7 


Oxygen consumption 
Rest * 


140 cc. /min. /M.? 
274 cc. /min./M.? 


2.55 L./min. /M.? 
3.87 L./min./M.? 


44 dynes sec. cm.~® 
128 dynes sec. cm.~® 


* Average of two values. 


20- 


COMMENTS 


There have been three other instances re- 
ported in which the diagnosis of isolated con- 
genital pulmonic regurgitation was established 
antemortem when similar pressure pulses in the 
right ventricle and pulmonary artery were noted 
[4,6,7]. In the patient described in this report the 
following clinical features suggested the diag- 
nosis: (1) the history of a murmur discovered in 
childhood without a history of rheumatic 
fever; (2) the absence of significant symptoms; 
(3) evidence of increased right ventricular 
activity on palpation of the chest; (4) promi- 
nence of the pulmonary artery on radiologic 
examination; and (5) a low-pitched mid- 
diastolic murmur and thrill along the left sternal 
border unaccompanied by a widened systemic 
arterial pulse pressure, by a prominent systolic 
murmur, or an accentuated pulmonary second 
sound. It is of interest that there is frequently a 
short gap between the second heart sound and 


mm. Hg. O 


sec 


Fic. 4. Simultaneous pulmonary artery (PA) and right ventricular (RV) pres- 
sures obtained at right heart catheterization. 
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tion into the pulmonary artery. 


the onset of the diastolic murmur in pulmonary 
regurgitation [2,4,9]. This murmur may be of 
the crescendo-decrescendo type [70,77] (Fig. 1) 
and in the absence of pulmonary hypertension is 
usually low-pitched [77]. 

The definitive diagnosis, however, was made 
by cardiac catheterization and facilitated by the 
simultaneous recording of pulmonary artery 
and right ventricular pressures. In addition, the 


Fic. 5A. Anteroposterior angiocardiogram at one-half (left) and two (right) seconds following injec- 


diagnosis was confirmed by selective angio- 
cardiography, which clearly demonstrated re- 
flux of dye from the pulmonary artery to the 
right ventricle and demonstrated only moderate 
dilatation of the pulmonary artery. This latter 
finding, together with the apparent deficiency 
of valve leaflet anteriorly, suggests that the pul- 
monary regurgitation in this patient is secondary 
to a primary valvular anomaly. 


Fic. 5B. Lateral angiocardiogram at one-half (left) and two (right) seconds following injection into 
the pulmonary artery. Reflux of dye into the right ventricle is seen on the two-second film. 


AMERICAN JOURNAL OF MEDICINE 


162 
>} 
‘ 
: 


Congenital Pulmonic Regurgitation—Collins et al. 163 


The physiologic consequences of pulmonary 
valvular regurgitation have not been completely 
clarified. It is clear that extensive experimentally 
produced pulmonary valvular damage in the dog 
is usually tolerated well [72,73] and certainly 
better than similar degrees of aortic valve dam- 
age [74]. Fowler and Duchesne, however, have 
recently demonstrated that this lesion is not 
entirely innocuous [75]. In dogs which were 
studied twelve to eighteen months after the 
lesion was induced there was no evidence of 
right-sided heart failure nor limitation of activ- 
ity. However, right ventricular dilatation oc- 
curred. The cardiac output, which was ab- 
normally low at rest could be increased by 
electrical stimulation of the extremities. Kay 
and Thomas also observed right ventricular 
dilatation in dogs sacrificed nineteen to thirty- 
one months after complete excision of the pul- 
monary valve cusps [76]. 

The clinical consequences of pulmonary 
regurgitation are not usually serious. Two 
patients, aged seven years, with isolated pul- 
monary regurgitation were entirely asympto- 
matic [2,7]. Another patient, twenty years 
of age, had mild exertional dyspnea [6]. In the 
patient described in this report it was not clear 
whether the mild symptoms were related to the 
presence of the lesion. The reflux of blood from 
pulmonary artery to right ventricle evidently 
resulted in the elevation of the right ventricular 
end-diastolic pressure to the upper limits of 
normal. However, the resulting cardiac output 
was within normal limits, and could be elevated 
normally during exercise. The production of 
pulmonary regurgitation in the course of pul- 
monary valvulotomy is not generally considered 
to be a serious complication [77]. It should, 
however, be noted that, of the four patients 
previously described, one patient with isolated 
congenital pulmonary regurgitation died sud- 
denly at the age of forty-four years after progres- 
sion of the severity of congestive heart failure [4]. 

Hemodynamically, the effects of isolated pul- 
monary valvular regurgitation on the heart itself 
are quite analogous to those of atrial septal 
defect, since both lesions are associated with an 
increase in right ventricular output. It is of 
interest that patients generally tolerate atrial 
septal defects well until pulmonary vascular 
changes, presumably related to increased pul- 
monary blood flow, result in pulmonary hyper- 
tension. Only when this additional burden is im- 
posed upon the right ventricle does failure ensue. 
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SUMMARY 


A patient with congenital isolated pulmonic 
valvular regurgitation is described. The diag- 
nosis was established when identical right 
ventricular and pulmonary artery pressures were 
noted during the course of cardiac catheteriza- 
tion. A selective angiocardiogram with pul- 
monary artery injection revealed reflux of dye 
from the pulmonary artery into the right ven- 
tricle, confirming the diagnosis. The lesion was 
not associated with any significant symptoms. 


ADDENDUM 


Since this paper was submitted, another pa- 
tient with isolated congenital pulmonic valve 
disease has been studied. This patient was an 
asymptomatic sixteen year old boy with a 
systolic and diastolic murmur in the pulmonic 
area, who had right ventricular hypertrophy 
and prominence of the pulmonary outflow 
tract on x-ray examination. No cardiac shunts 
were present. The pressure in the pulmonary 
artery was 22/8 mm. Hg and 48/8 mm. Hg in 
the right ventricle. Severe pulmonic regurgi- 
tation was present. This was demonstrated by 
the prompt appearance in the right ventricle 
of cardio-green dye and radioactive krypton 
(Kr**) following the injection of these indicators 
into the pulmonary artery [78]. 
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Nilevar® Combats Osteoporosis 


in Menopause or Hypercorticism 


Since osteoporosis is a disease not of calcium de- 
ficiency but primarily of deficient formation of 
the protein bone matrix’, the protein-building 
action of Nilevar (brand of norethandrolone) 
provides a rational and highly useful means of 
promoting osteogenesis. 


Typically, subjective symptoms such as back- 
ache disappear promptly in osteoporotic patients 
treated with Nilevar. Objectively, the anabolic ef- 
fects of the drug may be measured in the lessened 
excretion of nitrogen, calcium, potassium and 
phosphorus. 


These actions appear to be equally effective?"5 
whether the osteoporosis originates in the post- 
menopausal or senile metabolic deficiencies of 
women or in the catabolic reaction to extended 
treatment with corticosteroids. 


An initial adult dosage of 10 mg. three times a 
day may be continued for two or three weeks and 
then reduced in accordance with the response of 
the patient. Single courses of continuous treatment 
should not exceed three months, but may be re- 
sumed after a rest period of one month. 


Nilevar is supplied as tablets, for oral dosage, 
of 10 mg. each and as ampuls of 1 cc. for intra- 
muscular injection, each ampul containing 25 mg. 
of the drug in sesame oil and 10 per cent of benzyl 
alcohol by volume. 


G. D. SEARLE & co., Chicago 80, Illinois 
Research in the Service of Medicine. 


1. Ibarra, J. D., Jr.: Texas J. Med. 52:20 (Jan.) 1956. 2. 
Spencer, H., and Others: J. Clin. Endocrinol. 17:975 (Aug.) 
1957. 3. Snapper, |.: Bone Diseases in Medical Practice, New 
York, Grune & Stratton, Inc., 1957, p. 18. 4. Spurr, C. L., and 
Others: GP 15:105 (May) 1957. 5. Editorial: Tissue Building 
and Protein Anabolizers, Brit. M. J. 2:785 (Sept. 27) 1958. 
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Many MIGRAINE attacks 
can be stopped at the start 
by the prompt use of... 


‘MIGRAL 


Advantage 
‘MIGRAL’ permits maximum ergotamine therapy with the first dose 
—— because the ‘MIGRAL’ formula includes the proved antiemetic, 
cyclizine hydrochloride, to counteract the tendency to nausea and 


vomiting. 


Dosage 
‘MIGRAL’ should be taken immediately at the start of a migraine 
attack, and the effective dosage should be determined on an indi- 
vidual basis. When the total dosage necessary to stop an attack has 
been determined, that amount should be taken as initial dosage in 
subsequent attacks. 


In general, 2 to 4 ‘MIGRAL’ tablets taken at the first sign of an 
attack will terminate a headache by preventing progression to the 
vasodilation stage. If treatment is not started sufficiently early to 
achieve this result, an additional 1 or 2 tablets should be admin- 
istered every half hour until the patient is relieved, or until a total 
dosage of 6 tablets has been taken. 


Caution 


It is recommended that not more than 6 tablets be taken during a 
single attack, nor more than 10 tablets per week. 


Each sugar-coated ‘MIGRAL’ tablet provides: 
Ergotamine Tartrate 
*‘Marezine™® brand Cyclizine Hydrochloride 


Caffeine 
In bottles of 20 and 100 tablets. 


bral BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, New York 
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SPONTIN 


(Ristocetin, Abbott) 
A STATISTICAL REVIEW* OF THREE HUNDRED THIRTY-THREE CASES 


* Records of Medical Department, Abbott Laboratories, North Chicago, Illinois 
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| ready for 
D ES ITT N immediate use to 


OINTMENT soothe, protect, 
stimulate 
healing in— 

WOUNDS 

BURNS 

ULCERS 


(decubitus, diabetic, varicose) 
lacerated, denuded, 
raw surface tissues 
at. 


OESITIN 
ONTM ENT 


DESITIN 


OINTMENT 


*complete report by bacteriologists on request. 
For samples of Desitin Ointment write... 


DESITIN CHEMICAL COMPANY 
812 Branch Avenue, Providence 4, R. |. 
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Therapeutic vitamins in the “therapeutic” jar 


Any severe disease process undermines the nutritional integrity of tissue.’ To counteract physiologic 
stress depletion of B and C vitamins, prescribe high potency STRESSCAPS ... in burns... fractures 
. severe infection ... surgery ... and in chronic disorders such as arthritis, alcoholism or colitis. 


The attractive STRESSCAPS jar also plays an important therapeutic role... reminding the patient 
of his daily dosage . . . assuring adequate intake for full metabolic support. 


Each capsule contains: 


Thiamine 
Mononitrate (B,).... 10 

Riboflavin (B,) 

Niacinamide 

Ascorbic Acid (C) 

Pyridoxine HCI! (B,)... 

Vitamin By 

Folic Acid 

Calcium Pantothenate. 20 me. 

Vitamin K (Menadione). 2 mg. 


Average dose 1-2 capsules daily. Stress Formula Vitamins Lederle 


1. Spies, T. D.: J. A. M. A. 
167:675 (June 7) 1958. 


@@ED EDERLE LABORATORIES, a Division of AMERICAN CYANAMID COMPANY, Pear! River, N. Y. 
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WHENEVER COUGH THERAPY IS INDICATED 


Fly 


THe Gongplea Q Rx FOR COUGH CONTROL 


cough sedative / antihistamine / expectorant 


e relieves cough and associated symptoms 

in 15-20 minutes e effective for 6 hours or longer 
e@ promotes expectoration e rarely constipates 

e agreeably cherry-flavored 

Each teaspoonful (5 cc.) of HycomiNne* contains: 


EFFECTIVE Hycodan® 

WITH T Dihydrocodeinone Bitartrate . 5 mg. 

NGESTANT (Warning: May be habit-forming) 6.5 mg. 
Homatropine Methylbromide 1.5 mg. 


Pyrilamine Maleate . . . 
Phenylephrine Hydrochloride 610mg). 
Ammonium Chloride . . .. . . . 60mg. 
Sodium Citrate. . . . me. 


Supplied: As a pleasant-to-take syrup. May be habit- 
forming. Federal law permits oral prescription. 


Literature 
on request 


ENDO LABORATORIES Richmond Hill 18, New York 


* U.S. Pat. 2,630,400 
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Before you write your 
next prescription 


for a corticosteroid, — 
9 clinically established 
points — they may y 
make Kenacort your 
corticoid of choice. 
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Cons! 


pre-prescription 
point number 1 


initial therapy— 
remarkably free 
from complications 


Allison, J. R., Sr., and Allison, J.R., Jr.: 
Monographs on Therapy 3:99 (Oct.) 1958. 


pre-prescription 
point number 2 


continuing therapy 
—maintenance doses 
are low 


Feinberg, rx A. R., and Fisherman, E. W.: 
M.A. 167:58 (May 3) 1958. 


pre-prescription 
point number 3 


no sodium or water 
retention—low salt 
diet not necessary 


Hartung, E. F.: 
J.A.M.A. 167:973 (June 21) 1958. 


der... 


pre-prescription 
point number 4 


absence of edema 


Council on Drugs: 
J.A. M.A. 169:257 (Jan. “171959. 


pre-prescription 
point number 


less likely to 
create electrolyte 
disturbance 


Bongiovanni, A. M.; Mellman, W. J., and Eberlein, W. R.. 
J. Pediat. 53:3 (July) 1958. 


pre-prescription 
point number 


no secondary 
hypertension—no 
significant change 
in pulse, respiration, 
or blood pressure 


Shelley, W. B.; Harun, J.S., and Pillsbury, D. M.: 
M.A. 167:959 (June 21) 1958. 
Bernsten, C.A., Jr., and others: 

New York Rheumatism Association, Annual Meeting, 
New York, April 9, 1959. 


pre-prescription 
point number 7 


no excessive 
appetite 


Council on Drugs: 
J.A.M.A,. 169:257 (Jan. 17) 1959. 


pre-prescription 
point number & 


without unnatural 
psychic stimulation 
—does not stimulate 
and rarely depresses 
the mood 


Shelley, W. B.; Harun, J.S., and Pillsbury, D.M.; 
J.A.M.A. 167:959 (June 21) 1958. 
Council on Drugs: 

J.A.M.A. 169:257 (Jan. 17) 1959. 


pre-prescription 
point number a 


gastrointestinal 
complaints 
infrequent 


Hartung, E.F.: 
J. A.M, A. 167:973 (June 21) 1958. 


acort 


(SQUIBB TRIAMCINOLONE) 


Available in 1mg., 2mg., and 4mg.:scored tablets. 


Squibb Quality — the Priceless Ingredient . 


*KENACGRT’® A SQUIBB TRADEMARK 
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only SANBORN makes all three 


To the physician whose practice requires an “office 
standard” electrocardiograph of wide clinical usefulness, 
an instrument with such diagnostic advantages as 
two speeds, three recording sensitivities and provision 
for recording other phenomena will prove most logical. 
To the hospital nurse who must continually bring an 
electrocardiograph to the patient’s bedside, no instru- 
ment is quite so useful as the completely self-contained, 
mobile one that can be effortlessly rolled in and out of 
elevators, up and down ramps and corridors. And to the 
doctor who must have an ECG that he can pick up and 


MEDICAL DIVISION, 


take on house calls, no instrument is useful unless it is 
truly portable—and completely dependable trip after trip. 


To each of these people, Sanborn offers a modern in- 
strument designed with his particular needs in mind: 
the 2-speed “office standard” Model 100 Viso-Cardiette 
...its mobile counterpart, the Model 100M Mobile Viso- 
Cardiette . . . and the 18-pound Model 300 Visette. Only 
Sanborn makes all three. 


Descriptive Literature and Prices on request, from your 


Sanborn Branch Office, Service Agency or the Main Office. 


175 Wyman St., Waltham 54, Massachusetts 


82 
| 
| 
| 
| : 
| 
| 


women of childbearing age... 


and growing children... 
are 

depleting their 

iron 
reserves 


LIVITAMIN 
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*Keith, J.H.: Utilization and Toxicity of Peptonized Iron and Ferrous 
Sulfate, Am. J. Clin. Nutrition 1:35 (Jan.-Feb., 1957). 
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CASE OF DIARRHEA 


| 

{ 


it 


237 ec. (8 02.) No. 3177X 


CREMOMYCIN. 


SUCCINYLSULFATHIAZOLE— 
NEOMYCIN SUSPENSION 
with PECTIN and KAOLIN 


CAUTION: Federal law prohibits 
dispensing without prescription. 


Merck Sharp & Dohme 
Division of Merck & Co., Inc. = 
Pritadeiphia, Pe. 
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Cremomycin, provides rapid relief of virtually all diarrheas 


NEOMYCIN —rapidly bactericidal against most intestinal pathogens, but relatively 
ineffective against certain diarrhea-causing organisms. 

SULFASUXIDINE® (succinylsulfathiazole) — an ideal adjunct to neomycin because 
it is highly effective against Clostridia and certain other neomycin-resistant 
organisms. 

KAOLIN AND PECTIN—Coat and soothe the inflamed mucosa, adsorb toxins, help 
reduce intestinal hypermotility, help provide rapid symptomatic relief. 


For additional information, write Professional Services, Merck Sharp & Dohme, West Point, Pa. 


GGs]) MERCK SHARP & DOHME, DIVISION OF MERCK & CO., Inc., PHILADELPHIA 1, PA. 


CREMOMYCIN AND SULFASUXIDINE ARE TRADEMARKS OF MERCK & CO., ING. 
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Cla FEN can do this for 


your postcoronary patients 


WITHOUT CLARIN, turbid blood serum five hours 
after a fat meal: This unretouched dark-field photo- 
micrograph (2500X) shows potentially hazardous fat 
concentrations circulating in the blood stream of a 
patient after a standard fat meal. 


CLARIN is sublingual heparin potassium. One 
mint-flavored tablet taken after each meal effec- 
tively “causes a marked clarification of post- 
prandial lipemic serum.” Clarin facilitates the 
normal physiologic breakdown of fats, with no 
effects on the blood-clotting mechanism.’ It 
therefore provides important benefits for your 
postcoronary patients. 


Indication: For the management of hyperlipemia asso- 
ciated with atherosclerosis. 


Dosage: After each meal, hold one tablet under the 
tongue until dissolved. 


Supplied: In bottles of 50 pink, sublingual tablets, each 
containing 1500 I.U. heparin potassium. 


1. Fuller; H. L.: Angiology 9:311 (Oct.) 1958. 


2. Shaftel, H. E., and Selman, D.: Angiology /0:131 (June) 
1959, 


WITH CLARIN, clear blood serum five hours after a 
fat meal: After eating a standard fat meal as at left, 
the same patient has taken one sublingual Clarin 
tablet. Note marked clearing effect and reduction in 
massive fat concentrations in this unretouched photo- 
micrograph (2500X). 


0.5 


Heparin Series @ 
0.4 


Optical Density 


Control Series 0 
0.3 


0.2 


0.1 


0.0 


Fasting lHr. 2Hrs. 3Hrs. 4Hrs. 5SHrs. 6Hrs. 


Level Hours After Fat Meal 


Average serum optical density in 36 patients after fat 
meal with and without sublingual heparin.” 


*Registered trade mark. Patent applied for. 


Shes. Leeming Ge, Suc. New York 17, N.Y. 
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STOPS VERTIGO 
9 TIMES OUT OF 10!! 


Antivert 


The latest ANTIVERT report confirms earlier 
findings: ANTIVERT relieves vertigo in 9 out of 
10 patients. This combination of meclizine (an 
outstanding antihistamine for vestibular dys- 
function) and nicotinic acid (the drug of 
choice for prompt vasodilation’) “... proved 
more effective than the use of either drug 
alone.’”” Out of 50 patients with Meniere’s syn- 
drome, only 4 failed to respond to ANTIVERT.’ 
Prescribe one ANTIVERT tablet (12.5 mg. mecli- 
zine; 50 mg. nicotinic acid) before each meal 
for relief of Meniere’s syndrome, arterioscle- 


rotic vertigo, labyrinthitis and vertigo of non- 
specific origin. 
Supplied: In bottles of 100 blue-and-white scored tablets. 
Prescription only. 


References: 1. Menger, H. C.: Clin. Med. 4:318 (Mar.) 
1957. 2. Seal, J. C.: Eye Ear Nose & Throat Month. 


J 
88:788 (Sept.) 1959. 


New York 17,N.Y. 
Division, Chas. Pfizer & Co., Inc. 
Science for the World’s Well-Being 
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a safe, new way to prevent 
chronic HEADACHE 


\ 
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; 


more effective than other 
drugs tested for the 
management of chronic 
or recurring headache 


When Soma was used prophylactically, “the frequency and/or severity of the 
attacks were decreased significantly in 73 per cent” with “‘severe and tenacious” 
tension headache.* These patients “‘were selective in that they did not respond 


99] 


satisfactorily to previous medical . . . treatment. 


RESULTS WITH SOMA 
TIncludes analgesics, 


antihistamines, 
CNS stimulants, 


All drugs previously tested (average) t hormones, sedatives, 
Placebo vasodilators, 


(Total cases: 60) vasoconstrictors. 


FOR PROPHYLAXIS OF CHRONIC HEADACHE: one 350 mg. tablet, q.i.d.; maximal 
effect is obtained in 3 to 5 days. To treat chronic headache: use a routine anal- 


gesic; at the same time start prophylactic treatment with Soma. 


supPLY: White, coated 350 mg. tablets, bottles of 50. Also available for pediatric 
use: orange, 250 mg. capsules, bottles of 50. 


i. Friedman, Arnold P.: Clinical Application of Carisoprodol in the Treatment of Chronic Headache, 
Proceedings of the Symposium on the Pharmacology and Clinical Usefulness of Carisoprodol, Wayne 
State University Press, Detroit, 1959. p. 115. 


(carisoprodol Wallace) 


The only drug combining analgesia with muscle relaxation in a single molecule 


Literature and samples on request 


*Soma has not been found effective in migraine. 


WALLACE LABORATORIES, NEW BRUNSWICK, NEW JERSEY Wy 


| 
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Helps prevent vitamin-mineral deficiencies by providing comprehensive nutritional supplementa- 
tion. Just one capsule daily supplies therapeutic doses of 9 important vitamins plus significant quan- 
tities of 11 essential minerals and trace elements. 

Each MYADEC Capsule contains: VITAMINS: Vitamin B,: crystalline—5 mcg.; Vitamin B: (riboflavin)—10 mg.; Vitamin 
B, (pyridoxine hydrochloride)—2 mg.; Vitamin B: mononitrate—10 mg.; Nicotinamide (niacinamide)—100 mg.; Vitamin 
C (ascorbic acid)—150 mg.; Vitamin A—25,000 units; Vitamin D—1,000 units; Vitamin E (mixed tocopheryl acetates)— 
5 I.U.; MINERALS (as inorganic salts): Iodine—0.15 mg.; Manganese —1.0 mg.; Cobalt —0.1 mg.; Potassium—5.0 mg.; 
Molybdenum —0.2 mg.; Iron—15.0 mg.; Copper—1.0 mg.; Zinc—1.5 mg.; Magnesium—6.0 mg.; Calcium—105.0 mg.; 
Phosphorus — 80.0 mg. Bottles of 30, 100, 250, and 1,000. 


PARKE, DAVIS & COMPANY: DETROIT 32, MICHIGAN ¢ [P): 


when he sleeps through breakfast 
-and works through lunch... 


yallee 


high potency vitamin-mineral supplement 
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27 pounds lost 
in 19 days; 
ascites and pedal 


edema reduced 
with 


Before Esidrix: 
Weight 176 Ibs. ES 


pre-eminently effective whenever diuresis is desired 
Indicated in: congestive heart failure = nephrosis and 
nephritis matoxemia of pregnancy premenstrual 
edema medema of pregnancy aw steroid-induced 
edema a edema of obesity. 


T.M. 


(hydrochlorothiazide CIBA) 


RECORD OF TREATMENT (At a leading New York City hospital. Photos used with permission of the patient.) 


Date 3/3 3/4 3/5 3/6 3/7 3/8 3/9 3/10 3/11 3/12 3/13 3/14 3/15 3/16 3/17 3/18 3/19 3/20 3/21 3/22 3/28 
Weight (pounds) 178 176 170 169 167 159 158 158 157 153 155 155 156 154 153 154 153 — — 151 149 


Rx M* Esidrix 50 mg. b.i.d. 


* Mercurial diuretic 


H. K., 44 years old, with history of heavy drink- 
ing. Previously hospitalized in 1954, with diag- 
nosis of Laennec’s cirrhosis. Admitted on 3/3/59, 
patient complained of swollen abdomen, swelling 
in both legs and exertional dyspnea. 


Findings: Abdomen enlarged in girth with defi- 
nite fluid wave; liver palpated 4 fingerbreadths 
below the costal margin; pedal edema (4+). Pa- 
tient not in acute distress. Blood pressure, 140/80 
mm. Hg; pulse, 112/min.; respiration, 20/min. 


Treatment: Mercurial diuretic on 3/3 and 3/4, 
followed by Esidrix, 50 mg. b.i.d., from 3/5 to 
3/23 when patient signed out of hospital. Esidrix 
induced copious diuresis resulting in almost com- 
plete disappearance of edema. 


After 19 Days on Esidrix: Supplied: Esidrix Tablets, 25 mg. (pink, scored) and 50 
Weight 149 ibs. mg. (yellow, scored); bottles of 100 and 1000. 
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LEDERLE INTRODUCES... 


a masterpiece 


greater antibiotic activity 


Milligram for milligram, DECLOMYCIN brand of 
Demethylchlortetracycline has 2 to 4 times the inhibitory capacity 
of tetracycline against susceptible organisms. (Activity level 

is the basis of comparison—not quantitative blood levels—since 
action upon pathogens is the ultimate value.*) Provides significantly 
higher serum activity level... 


with far less antibiotic intake 


DECLOMYCIN demonstrates the highest ratio of prolonged activity 
level to daily milligram intake of any known broad-spectrum 

antibiotic. Reduction of antibiotic intake reduces likelihood of 
adverse effect on intestinal mucosa or interaction with contents. 


unrelenting-peak 
antimicrobial attack 


The DECLOMYCIN high activity level is uniquely constant throughout 
therapy. Eliminates peak-and-valley fluctuation, favoring continuous 
suppression. Achieved through remarkably greater stability in body 
fluids, resistance to degradation, and a low rate of renal clearance. 


*Hirsch, H. A., and Finland, M.: 
New England J. Med. 260:1099 
(May 28) 1959. 
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ntibiotic design 


plus 


“extra- 
day” 
activity 


DECLOMYCIN maintains activity for 
one to two days after discontinuance 
of dosage. Features unusual security 
against resurgence of primary infection 
or secondary bacterial invasion— 

two factors often resembling a “resistance 
problem”—enhancing the traditional 
advantages of tetracycline... for 
greater physician-patient benefit 


FOR PROTECTION 
AGAINST 
RELAPSE 


in the distinctive dry-filled, 
duotone capsule 


immediately available as: 
DECLOMYCIN Capsules, 150 mg., 
bottles of 16 and 100. Adult dosage: 
1 capsule four times daily. 


DECLOMYCIN Pediatric Drops, 
60 mg. per cc., 10 cc. bottles 
with dropper. 


DECLOMYCIN Oral 
Suspension, 75 mg. 
per 5 cc. tsp. 


LEDERLE LABORATORIES 
a Division of 
AMERICAN CYANAMID COMPANY 
Pear! River, New York 
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keeping appetite 
in check 
around the clock 


PRELUDIN 


brand of phenmetrazine 


ENDURETS 


prolonged-action 
tablets 


New long-acting PRELUDIN ENDURETS 
offer you a new method...a more 
convenient method...of administering 
this well-established, reliable 
appetite-suppressant. The new ENDURETS 
form virtually eliminates the vexing 
problem of the forgotten dose because... 
just one PRELUDIN ENDURET taken 
in the morning generally curbs the appetite 
throughout the day. 
PRELUDIN ENDURETS afford greater 
convenience for your patient... 
added assurance to you that medication 
is being taken as prescribed. 
PRELUDIN® (brand of phenmetrazine hydrochloride) 
ENDURETS."-”- Each ENDURETS prolonged-action tablet 
contains 75 mg. of active principle. 
PRELUDIN is also available as scored, square pink 


tablets of 25 mg. for 2 to 3 times daily administration. 
Under license from C. H. Boehringer Sohn, Ingelheim. 


ENDURETS IS A GEIGY TRADEMARK 


GEIGY 


ARDSLEY, NEW YORK 
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with MAXIMUM SAFE ANALGESIA. 


Three Strengths — 
PHENAPHEN NO. 2 
Phenaphen with Codeine Phosphate 1% gr. (16.2 mg.) 


PHENAPHEN NO. 3 
Phenaphen with Codeine Phosphate 42 gr. (32.4 mg.) 


PHENAPHEN NO. 4 
Phenaphen with Codeine Phosphate 1 gr. (64.8 mg.) 


Also — 
PHENAPHEN Hein each capsule 


Acetylsalicylic Acid 2% gr. . (162 mg.) 
Phenacetin 3 gr. ......- (194 mg.) 
Phenobarbital %4 gr...... (16.2 mg.) 
Hyoscyamine sulfate (0.031 mg.) 


PHENAPHEN wis CODEINE 
Robins 


Ethical Pharmaceuticals of Merit since 1878 


A. H. ROBINS CO., INC., RICHMOND 20, VIRGINIA 
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when 
weak lim 
im tae 
Clotting chain is 


Thromboplastin + Prothrombin + Calcium — 


tae preterred antidote 1S 
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Thrombin ~ Fibrinogen 
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therapy is of particul: nyton] cam 
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RESULTS IN 366 PATIENTS 
WITH STOMACH ULCERS 


MARKED 
IMPROVEMENT MARKED SLIGHT NO 

WITH X-RAY IMPROVEMENT IMPROVEMENT IMPROVEMENT 

GAINS 


DIAGNOSIS 


PEPTIC 29 
GASTRIC 
DUODENAL 
PYLORIC 


TOTAL 


Summary of investigators’ reports. 


81% MARKED IMPROVEMENT REPORTED 


proven relief of pain, spasm and nervous 
tension without the side effects of 
belladonna, bromides or barbiturates 


INDICATIONS— NOW-—2 FORMS 


; for adjustability of dosage 
duodenal and gastric ulcer ; 
Milpath - 400—Yellow, scored tablets 


gastritis of 400 mg. meprobamate and 25 mg. 


colitis tridihexethy! chloride (formerly supplied 
as the iodide). Bottle of 50. 


4 SS Dosage: | tablet t.i.d. at mealtime and 2 
gastric hypermotility 


esophageal spasm Milpath - 200—Yellow, coated tablets 
intestinal colic of 200 mg. meprobamate and 25 mg. tridi- 
hexethy! chloride. Bottle of 50. 


; Dosage: | or 2 tablets t.i.d. at mealtime 
G. I. symptoms of anxiety states and 2 at bedtime. 


Milpath 


®Miltown + anticholinergic 


spastic and irritable colon 


functional diarrhea 


WALLACE LABORATORIES New Brunswick, N.J. 
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relieves painful muscle spasm, improves 
mobility, facilitates rehabilitation... 


PARAFLE.X 


Chlorzoxazone* 

PARAFLEX provides effective skeletal muscle relaxation for about 6 hours with a 1- to 2-tablet 
dose. It relieves pain and stiffness and improves function in a wide variety of 

orthopedic, arthritic, and rheumatic disorders. It may be used alone or with other agents 
indicated in the management of skeletal muscle spasm. It is especially valuable 

when used in conjunction with physiotherapy @ and other rehabilitative procedures. Side 
effects are rare, almost never require discontinuance of therapy. 

Dosage: ADULTS—1 to 2 tablets three or four times a day. 


CHILDREN — 14 to 2 tablets three or four times a day, depending on age and weight. 
Supplied: Tablets, scored, orange, bottles of 50. Each tablet contains PARAFLEXx, 250 mg. 


*U.S. Patent Pending 255A89 


McNeil Laboratories, Inc. 
Philadelphia 32, Pa. 
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MARGARINE 
a delicious 
Spread 


a superb 
shortening 


and the margarine clinically proved to 


lower cholesterol levels 


4 4 
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LY Ly 
|MARGARINE 

| substituted for ordinary 

| spreads and shortenings 


lowers cholesterol levels 


Recent investigations demonstrate how effectively 
cholesterol levels can be significantly reduced by 
the simple substitution of Emdee Margarine for 
spreads and shortenings ordinarily used in the diet. 

Eighty per cent of Emdee Margarine’s fat con- 
tent is pure corn oil, whose natural content of 
polyunsaturated fatty acids has not been destroyed 
by hydrogenation.* Approximately 45% of its fat 
content is linoleic acid, an important substance 
in the control of blood cholesterol levels. 

When a patient’s intake of saturated fats should 
be reduced, he and his family will welcome Emdee 
Margarine. It restores natural flavor to a choles- 
terol-reducing diet and eliminates the chore of 
preparing special dishes for one member of the 
family. 

On bread, toast and crackers Emdee Margarine 
has the same taste as other fine spreads, and a 
firm, smooth texture. It brings back the familiar 
flavor to baked potatoes, vegetables and popcorn. 
It can be used for braising, baking, roasting and 
sautéing, and in white sauces and frostings. It has 
won praise from Home Economics experts, 
who found that Emdee Margarine is a high-quality 
shortening. 

Packaged in one-pound cans to protect its fresh 
taste and firm texture, Emdee Margarine is avail- 
able only in pharmacies. 


References: 1. Terman, L. A. : Dietary management of hypercholesterolemia, 
Geriatrics 14:111 (Feb.) 1959. 2. Boyer, P. A.; Lowe, J. T.; Gardier, R. W., 
and Ralston, J. D.: A new dietary management of hypercholesterolemia, 
J.A.M.A., in press. 3. Vail, Gladys E.: Cooking with fats high in polyunsat- 
urated fatty acids, J. Am. Dietet. A. 35:119 (Feb.) 1959. 


Reprints of these articles on Emdee Margarine are 
available on request. 


PITMAN-MOORE COMPANY « DIVISION OF ALLIED LABORATORIES, INC. 
INDIANAPOLIS 6, INDIANA 


*Special process protected by U.S. Patent No. 2,890,959 
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in acute superficial thrombophlebitis be ut AZ. ol d ray 


“A one-week course of therapy is generally sufficient to 
produce satisfactory resolution of the inflammatory proc- 


ess without recurrence. BUTAZOLIDIN® (brand of phenylbutazone): Red-coated tablets 
Orbach, E. J.: J. Internat. Coll. Surgeons 31:165, 1959. of 100 me. 


in arthritis and allied disorders BUTAZOLIDIN® Alka: Orange and white capsules containing 
“Patients who experienced major improvement had BUTAZOLIDIN 100 mg.; dried aluminum hydroxide gel 100 mg.; 
magnesium trisilicate 150 mg.; homatropine methylbromide 


prompt and almost complete relief of pain and stiffness, 1.25 mg e 
which could be maintained on asmall maintenance dose.” ~~" Cl 
Gain ARDSLEY, NEW YORK 


Graham, W.: Canad. M.A.J. 79:634, (Oct. 15) 1958. 


(brand of phenylbutazone) tablets . alka capsules 
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on the alcoholic scene 


eon 
Vi sta i i quiets agitation 


hydroxyzine pamoate 


“,..an efficient and convenient means of dealing with the problem 


of acute agitation in alcoholic intoxication. ..important was the 
absence of noticeable respiratory depression... .”’ 


Miller, R. F.: Clin. Rev. 1:10 (July) 1958 


Capsules—25, 50, and 100 mg. Pfizer Laboratories 

Parenteral Solution (as the HCl)— 25 mg. per cc., Division, Chas. Pfizer & Co., Inc. 
10 ce. vials and 2 cc. Steraject® Cartridges; Brooklyn 6, New York 

50 mg. per cc., 2 cc, ampules, Pfizer Science for the world’s well-being 
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control 


runaway 
diarrheas.. 


WY “ly 
Robins. 


yonnagel win Neomycin 


Prompt and more dependable control of 
virtually all diarrheas can be achieved with the 
comprehensive DONNAGEL formula, which pro- 
vides adsorbent, demulcent, antispasmodic and 


sedative effects— with or without an antibiotic. 


Early re-establishment of normal bowel 


function is assured —for all ages, in all seasons. 


DONNAGEL: In each 30 cc. (1 fi. oz.): 
Hyoscyamine sulfate ........ 0.1037 mg. 
Atropine sulfate ................ 0.0194 mg. 
Hyoscine hydrobromide ....0.0065 mg. 
Phenobarbital (14 gr.)........ 16.2 mg. 


DONNAGEL WITH NEOMYCIN 
Same formula, plus 


Neomycin sulfate 
(Equal to neomycin base, 210 mg.) 


A. H. ROBINS co. INC., Richmond 20, Virginia * Ethical Pharmaceuticals of Merit since 1878 
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in allergic and inflammatory skin disorders (including psoriasis 
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unsurpassed for total f 


| corticosterowd benefits 


Substantiated by published reports of leading clinicians 


minimal disturbance 
of the patient’s 
chemical and psychic 

balance’*” 


- effective control 
of allergic 
and inflammatory 


3, 7,8, 12-15, 17, 18 


symptoms” 
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At the recommended antiallergic and anti-inflammatory 
dosage levels, ARISTOCORT means: 
- freedom from salt and water retention 
virtual freedom from potassium depletion 
negligible calcium depletion 


euphoria and depression rare 


no voracious appetite—no excessive weight gain 


low incidence of peptic ulcer 


low incidence of osteoporosis with compression fracture 


Precautions: With artstocort all traditional precautions to corticosteroid therapy 
should be observed. Dosage should always be carefully adjusted to the smallest 
amount which will suppress symptoms. 

After patients have been on steroids for prolonged periods, discontinuance must be 
carried out gradually over a period of as much as several weeks. 

Supplied: 1 mg. scored tablets (yellow); 2 mg. scored tablets (pink); 4 mg. 
scored tablets (white) ; 16 mg. scored tablets (white). 

Diacetate Parenteral (for intra-articular and intrasynovial injection). Vials of 
5 cc. (25 mg./cc.). 


References: 1. Feinberg, S. M.; Feinberg, A. R., and Fisher- 
man, E. W.: J.A.M.A. 167:58 (May 3) 1958. 2. Epstein, J. I., 
and Sherwood, H.: Conn. Med. 22 :822 (Dec.) 1958. 3. Fried- 
laender, S., and Friedlaender, A. S.: Antibiotic Med. & Clin. 
Ther. 5 :315 (May) 1958. 4. Segal, M. S., and Duvenci, J.: Bull. 
Tufts N.E. Medical Center 4:71 (April-June) 1958. 5. Segal, 
M. S.: Report to the A.M.A. Council on Drugs, J.4.M.A. 169: 
1063 (March 7) 1958. 6. Hartung, E. F.: J. Florida Acad. Gen. 
Practice 8:18, 1957. 7. Rein, C. R.; Fleischwager, R., and Ros- 
enthal, A. L.: J.A.M.A. 165 :1821 (Dec. 7) 1957. 8. McGavack, 
T. H.: Clin. Med. (June) 1959. 9. Freyberg, R. H.; Berntsen, 
C. A., and Hellman, L.: Arthritis & Rheumatism 1 :215 (June) 
1958. 10. Hartung, E. F.: J.A.M.A. 167:973 (June 21) 1958. 
11. Zuckner, J.; Ramsey, R. H.; Caciolo, C., and Gantner, G. 
E.: Ann. Rheumat. Dis. 17:398 (Dec.) 1958. 12. Appel, B.; 
Tye, M. J., and Leibsohn, E.: Antibiotic Med. & Clin. Ther. 
5:716 (Dec.) 1958. 13. Kalz, F.: Canad. M.A.J. 79:400 
(Sept.) 1958. 14. Mullins, J. F., and Wilson, C. J.: Texas J. 
Med. 54:648 (Sept.) 1958. 15. Shelley, W. B.; Harun, J. S., 
and Pillsbury, D. M.: J.A.M.A. 167:959 (June 21) 1958. 16. 
DuBois, E. L.: J.A.M.A. 167:1590 (July 26) 1958. 17. Mec- 
Gavack, T. H.; Kao, K. T.; Leake, D. A.; Bauer, H. G., and 
Berger, H. E.: Am. J. M. Sc. 236:720 (Dec.) 1958. 18. Coun- 
cil on Drugs: J.A.M.A. 169:257 (January) 1959. 


LEDERLE LABORATORIES, A Division of AMERICAN CYANAMID COMPANY, Pearl River, N. Y. 


AN AMES CLINIQUICK’ 


CLINICAL BRIEFS FOR MODERN PRACTICE 


WHAT 
SHOULD 

YOU 

LOOK 

FOR 

IN A 
LABORATORY 
TEST? 


THEN LOOK FOR 
AMES “‘DIP-AND-READ”’ 


minimal specimen 


REAGENT STRIP 
URINE TESTS 


ALBUSTIX’ 


for proteinuria 


CLINISTIX” 


for glycosuria 


URISTIX’ 


for proteinuria and glycosuria 


COMBISTIX” 


for proteinuria, glycosuria and pH 


KETOSTIX® 


for ketonuria 


PHENISTIX™ 


for phenylketonuria 


standardized color scales...consistent results 
day after day, ‘test after test AMES 


COMPANY, INC 


optimal sensitivity ...detect clinically significant levels | Elkhort « indione 


timesaving...no filtration or centrifuging 
of turbid urines; results in seconds | 
economical...no extra equipment; up to 3 tests per “dip” fu\ 
completely disposable...no cleanup afterward 
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THE AMERICAN JOURNAL OF MEDICINE 


will pay $1.00 per copy for 
the following issues: 


April 1948 September 1949 
May 1948 October 1949 
June 1948 December 1949 
August 1948 January 1953 

September 1948 February 1954 
January 1949 March 1954 

February 1949 December 1954 
March 1949 May 1957 
April 1949 June 1957 
May 1949 November 1957 
June 1949 April 1958 
August 1949 May 1958 

August 1958 


Send Postpaid to 


Rach disues Wanted The American Journal of Medicine, Inc. 


(MUST BE IN GOOD CONDITION) 11 East 36th Street, New York 16, N. Y. 


ANNOUNCING TEASES MUSCLE 
SCHERING'S a SPASM & PAIN IN 
NEW SPRAINS, STRAINS, 


MYOGESIG* OW BACK PAINS 


CARISOPRODOL 


“MYOGESIC 
analgesic. | 


| 
The 
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...get him back on the job sooner 


aPPROAGH 
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e ready for use immediately 


e effective immediately 


RHEUMATOID ARTHRITIS 
TRAUMATIC ARTHRITIS 


ACUTE GOUTY ARTHRITIS 


STRAINS AND SPRAINS 


to immediate corticosteroid benefits BURSITIS 


INJECTION 


Decadron<.. 


FIBROSITIS 


DEXAMETHASONE 21-PHOSPHATE 


mg. for mg. the most active steroid in true solution 


in joints or soft tissue—direct action at the site 
of inflammation 
systemically—rapid relief and prolonged effect 
—complete solubility affords quick diffusion of 
the therapeutic dose 
needs no reconstitution... no refrigeration 
@ potency up to 40 times that of hydrocortisone 
@ Passes easily through small-bore needles 
Injection DECADRON Phosphate can also be used in other joint 
diseases or soft-tissue conditions such as osteoarthritis, osteo- 
chondritis, ‘‘trigger’’ points (localized painful areas in muscles), 
tendinitis, whiplash injuries (acute), and muscle trauma. 
Caution: Steroids should not be given in the presence of 
tuberculosis, chronic nephritis, acute psychosis, peptic ulcer, or 
ocular herpes simplex. 


DOSAGE AND ADMINISTRATION: Injection DECADRON Phos- 
phate is ready for immediate use intramuscularly 
or intra-articularly. Dosage varies from 4 mg. or 
less to 20 mg. or more, depending on the nature 
and severity of the condition. 


NOTE: Do not inject into intervertebral joints. 


SUPPLIED: 5 cc. vials with 4 mg. dexamethasone 21- 
phosphate as the disodium salt per cc. 


Literature on Injection DECADRON is available at 
your request. 


DECADRON is a trademark of Merck & Co., INC. 


MERCK SHARP & DOHME 
&: Division of Merck & Co., INc., Philadelphia 1, Pa. 


| 
| 
4 


(ODERN DRUG 
CYCLOPEDIA 


AND 
THERAPEUTIC 
INDEX 


Edited by Epwin P. 
JORDAN, M.D., F.A.C.P. 
University of Virginia 
Medical School, Char- 
lottesville, Virginia. 


% INDEXED to save you time. 
Therapeutic, Drug, Manufac- 
turer’s and new Generic Name 
Indices plus self-pronouncing 
drug listings. 

% COMPLETE, authoritative, 
continuing service for 3 years— 
New 7th Edition plus 18 bi- 
monthly MopERN DruGs Sup- 
plements—all for $17.50. 


ATTRACTIVELY BOUND in 
durable red cover stock. Ap- 
prox. 1500 pages. Size 6” x 


94” x 24%". 


indispensable source for 
new drug descriptions” 


& 


7th Edition 


MODERN DRUG 
ENCYCLOPEDIA 


AND THERAPEUTIC INDEX 


with FREE 3-YEAR bi-monthly supplement service, MODERN DRUGS 


More than 70% of the pre- 
scriptions written today 
call for new drugs intro- 
duced within the past 3 
years. It’s imperative that 
your drug reference be 
complete, dependable, cur- 
rent and up-to-date. Here 
is your authority on PRE- 


MODERN DRUGS 


©) Remittance Enclosed 


Name 


SCRIPTION DruGs and the 
new Narcotic CLASSIFI- 
CATIONS—your up-to-the- 
minute source for latest 
composition or descrip- 
tion, action, use, supply, 
dosage, caution and ad- 
ministration data on more 
than 4,000 drugs. 


11 East 36th Street, New York 16, New York 


©) Please send me the 7th Edition MODERN DRUG ENCYCLOPEDIA and Therapeutic 
index, plus bi-monthly MODERN DruGs Supplements for 3 years—all for $17.50° 
©) Send along Binder for MODERN DruGS Supplements — $3.00 


Bill me loter 


Address. 


City 
$17.50 in U.S.A, Foreign, $21.00 
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solution to 


ologic office probh 


BY TRICHOMONAS VAGINALIS, CAN 

is vaginalis, or other bacteria, is still 
Bologic office problem . . . cases of chronic oF 
fon are often extremely difficult to cure.” Among 75 
fh yulvovaginitis caused by one or more of these 
| TRICOFURON IMPROVED cleared symptoms in 70; vir- 
j were severe, chronic infections which had persisted 


revious therapy with other agents. “Permanent cure by 


fory and clinical criteria was achieved in 56. 
. Obst. 77:155, 1959 


5 itching, burning, malodor and leukorrhea 
bmonas vaginalis, Candida (Monilia) albicans, 
Finalis m Achieves clinical and cultural 
|= Nonirritating and esthetically pleasing 


iting relief: 

fweekly insufflation in your office. 
ime, 0.5% and Furoxone®, brand of furazoli- 

an acidic water-dispersible base. 


for continued home use each morning and 


* 


eek and each night thereafter—especially d 


enstrual days. Micorur 0.375% and FUuRoxoNE | 


Bter-miscible base. 


} 24 suppositories with applicator 
tical and economical therapy. 
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Now, a single agent, 


important clinical 


for total management 
of angina pectoris 


Marplan prevents pain: Marplan is indicated 
primarily for patients with moderately severe to 
intractable angina pectoris. It has demonstrated a 
high degree of effectiveness. When used on a 
continuous dosage schedule, Marplan prevents 


pain, increases exercise tolerance and reduces 


nitroglycerin requirements.'~* To date, Marplan 


prophylaxis has been evaluated in over 300 


angina patients. The response rate was 76 per 


cent with improvement ranging from a reduction 
in the number of attacks to virtual abolition 
of the anginal state.’ One study reported 


“excellent effects with relatively small doses” 


WS 


and “greater relief than [with] any other 
compound in our experience.”* 
Marplan creates a more confident mental climate: 


Many angina patients display a more cheerful 
L * 
AWS 


outlook when on Marplan therapy. This mental 
improvement is undoubtedly due to the 
antidepressive action of Marplan. However, 

it should be stressed that Marplan is indicated 
for symptomatic control of angina pectoris and, 
while it frequently abolishes anginal pain, 


| Marplan does not appear to influence the EKG. 


/y, W/Z Hence, as with previously available prophylactic 
I 


Yj agents, it is imperative that patients be instructed 


to maintain the same restriction of activity 


Z Z 
ISS Z in force prior to Marplan therapy. 
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with two distinct primary effects, for two 


indications Mi a r la n 


a happy balance ™of potency/safety 


A broad clinical research program continues to define the full range of Marplan’s clinical 
applicability. However, already some 300 research clinicians have evaluated Marplan in more 
than 4000 patients in two primary diagnostic categories—angina pectoris and depression. 


Marplan has been shown to be considerably more active than other amine oxidase regulators. 
While clinically such increase in potency has heretofore been associated with increased side 
effects, Marplan strikes a happy balance of potency/safety. Marplan has shown markedly fewer 
of the side reactions of the hydrazines. Moreover, throughout the extensive clinical investigations, 
no liver damage has been reported. Marplan is an amine oxidase regulator, however, and like 
all of these agents, it is contraindicated in the presence of liver or kidney disease. 


Consult complete literature and dosage instructions, available on request, before prescribing. 


Bibliography: 1. Clinical reports on file, Roche Laboratories. 2. W. Hollander and R. W. Wilkins in J. H. Moyer, 
Ed., Hypertension, Philadelphia, W. B. Saunders Co., 1959, p. 399. 3. R. W. Oblath, paper read at American 
Therapeutic Society, 60th Annual Meeting, Atlantic City, N.J., June 6, 1959. 4. I. Kimbell, paper read at Co- 
operative Chemotherapy Studies in Psychiatry, 4th Annual Research Conference, Memphis, Tenn., May 20-22, 1959. 


MARPLANT: ™- hydrazine ROCHE® 


ROCHE LABORATORIES 
ES) Division of Hoffmann-La Roche Inc + Nutley 10 +N. J. 


to lift depression 


The value of Marplan in depression: Marplan is 


and psychiatric disorders with associated : 
or regression. To date, Marplan has been fully J ¥ XZ 2\0Y 
evaluated in more than 3700 patients with : <= d BEA) 
depression. The majority (67 per cent) showed 
and the patients appeared to be more relaxed." 
Marplan in rheumatoid arthritis: Marplan S MAS 


has also been found to be valuable adjunctive 


indicated in the broad range of emotional 


and somatic preoccupation were less pronounced, 


therapy in the management of rheumatoid 


arthritis and other chronic debilitating disorders ao NX 


with associated depressed psychomotor activity. WE 


Ss 
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CITRUS BIOFLAVONOIDS 


When 
abnormal 
cellular 
metabolism 
accompanies 
stress 
conditions 


Hesperidin, Hesperidin 
Methyl Chalcone, or Lemon 
Bioflavonoid Complex are 
prescribed as therapeutic 
adjuncts for control of 
abnormal cellular activity, 
and capillary and vascular 
damage associated with 
many stress conditions. 


These stress conditions may 
be caused by nutritional 
deficiencies, environment, 
drugs, chemicals, toxins, 
virus or infection. 


SUNKIST AND EXCHANGE BRAND 
Lemon Bioflavonoid Corzplex 
and Hesperidins are 

available to the medical 
profession in specialty 
formulations developed by 
leading pharmaceutical 
manufacturers. 


Sunkist 
Growers 


PRODUCTS SALES DEPARTMENT 
PHARMACEUTICAL DIVISION 
Ontario, California 
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Maintenance 
of Capillary 
Integrity 


Incidence of impaired capillary function 
is more frequent than previously 
recognized. Many publications indicate 
the frequency of increased capillary 
weakness ranges from 16% to as high as 
80% of patients examined (1-4). 


Reports show older people have a high 
incidence of capillary fragility (6). 

In a group of 111 patients, capillary 
weakness was noted to be greatest in 


the fifth and sixth decades (5). 


Hypertensives (7, 8, 9) and those with 
chronic diseases such as arteriosclerosis, 
diabetes and rheumatoid arthritis, have 
shown varying degrees of capillary 
involvement. Hemorrhagic conditions of 
the brain and heart have shown localized 
injury in the capillary (10, 11). 


Capillary fragility has been shown 
to be associated with many bacterial, 
viral and inflammatory diseases (12-23). 


Various bioflavonoid materials have been 
evaluated for their effect upon the 
capillary. Degree of fragility has been 


determined by numerous procedures (24-30). 


The therapeutic rationale of combining 
Hesperidin or other citrus bioflavonoids 
with ascorbic acid or other therapeutic 
agents is based on the premise that 
capillary weakness may be a contributing 
factor to the disease state and that 
capillary integrity should be maintained. 
Citrus bioflavonoids in conjunction 

with ascorbic acid appear to enhance the 
efficacy of other therapy, and help 
control such factors as infection, stress 
and nutritional deficiency even in 

cases not showing capillary weakness. 


NOTE: For bibliography (B-701) write 
Sunkist Growers, Pharmaceutical Division, 
720 E. Sunkist Street, Ontario, California. 


117 


REPRINT ORDER 
FORM 


THE AMERICAN JOURNAL 
OF MEDICINE 
11 E. 36th St., New York 16, N. Y. 


Please send me the following re- 
prints from THE AMERICAN JouUR- 


NAL OF MEDICINE. 


[] SYMPOSIUM ON RENAL 
PHYSIOLOGY $4.00 


SEMINARS 


[_] ALLERGY $2.00 


[_] DISEASES OF THE PANCREAS $2.00 


[] BoNE DISEASES $2.00 
[_] ATHEROSCLEROSIS $2.00 
[] Liver DISEASE $2.00 


Enclosed is my check 


Name 


Address 


City 
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NOW even 
Many cardiac patients 


may have THE FULL 
BENEFITS OF 
CORTICOSTEROID 


THERAPY 


DECADRON —the new and most potent of all corticosteroids, eliminated fluid 
retention in all but 0.3 percent of 1500 patientst, and induced beneficial diuresis 
in nearly all cases of pre-existing edema. 


Therapy with DECADRON has also been 
distinguished by virtual absence of dia- 
betogenic effects and hypertension, by 
fewer and milder Cushingoid reactions, 
and by freedom from any new or ‘‘pecul- 
iar’’ side effects. Moreover, DECADRON 


has helped restore a ‘‘natural’’ sense of 
well-being. 
% tanalysis of clinical reports. 
DEXAMETHASONE tAnalysis of clinical reports 
*DECADRON is a trademark of Merck & Co., Inc., 


treats more patients ©1958 Merck & Co., Inc. 
i MERCK SHARP & DOHME 
more effectively Division of Merck & Co., Inc., Philadelphja 1, Pa. 
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ere 18 what 
you can expect 
when you prescribe 


Case Profile* 


A 28-year-old married woman, a secre- 
tary in a booking agency, complained of 
severe and consistent pain and cramps 
in the abdomen during her menstrual 
periods. Psychologically, she described 
the first two days as “climbing the walls.” 
Menarche occurred at age 13. She has a 
regular twenty-eight day menstrual 
cycle and a four day menstrual period. 

Trancopal was given in a dose of 100 
mg. four times a day for the first two 
days of the four day period. In addition 
to the relief of the dysmenorrhea she also 
noticed disappearance of a “bloated feel- 
ing” that had previously annoyed her. 
She has now been treated with Trancopal 
for one and one-half years with excellent 
results. Other medication, such as codeine 
or aspirin with codeine, had relieved the 
pain, but the patient had had to stay 
home. Because her father is a physician, 
many commercial preparations had been 
tried prior to Trancopal, but no success 
had been achieved. 

Before taking Trancopal this patient 
missed one day of work every month. For 
the past year and a half she has not 
missed a day because of dysmenorrhea. 


for dysmenorrhea 


and premenstrual tension 
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+s 
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THE FIRST TRUE ”“TRANQUILAXANT ” 


for low back pain 


Case Profile’ 


A 42-year-old truck driver and mover 
injured his back while moving a piano. 
The pain radiated from the sacral region 
down to the region of the Achilles tendon 
on the right side. X-rays for ruptured 
dise revealed nothing pertinent. The day 
of the injury he was given Trancopal im- 
mediately after the physical examina- 
tion. Although 100 to 200 mg. three times 
a day were prescribed, the patient on his 
own responsibility increased the dosage 
of Trancopal to 400 mg. three times a 
day. This dosage was continued for three 
days and then gradually reduced over a 
ten day period. During this time, the pa- 
tient continued to drive his truck. The 
muscle spasm was completely controlled 
and no apparent side effects were noted. 
For the past six months, the patient 
has continued to take Trancopal 100 to 
200 mg. as needed for muscle spasm, par- 
ticularly during strenuous days. 


*Clinical Reports on file at the Department 
of Medical Research, Winthrop Laboratories. 


Turn page for complete listings of Indications and Dosage. 
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THE FIRST TRUE ”“TRANQUILAXANT” 


potent MUSCLE RELAXANT 
effective TRANQUILIZER 


¢ In musculoskeletal disorders, effective in 91 per cent of patients.} 
e In anxiety and tension states, effective in 89 per cent of patients.’ 
e Low incidence of side effects (2.3 per cent of patients). Blood 
pressure, pulse rate, respiration and digestive processes are 
unaffected by therapeutic dosage. It does not affect 
the hematopoietic system or liver and kidney function. 
¢ No gastric irritation. Can be taken before meals. 
e No clouding of consciousness, no euphoria or depression. 


Indications 1-6 


Musculoskeletal: Psychogenic: 


Low back pain Fibrositis Anxiety and tension 
(lumbago, etc.) Ankle sprain, tennis states 

Neck pain (torticollis) elbow Dysmenorrhea 

Bursitis Myositis Premenstrual tension 

Rheumatoid arthritis Postoperative muscle Asthma 

Osteoarthritis spasm Angina pectoris 

Disc syndrome Alcoholism 


Now available in two strengths: 


Trancopal Caplets®, 
100 mg. (peach colored, scored), bottles of 100. 


Trancopal Caplets, 


NEW 
STRENGTH ‘ 200 mg. (green colored, scored), bottles of 100. 


Dosage: Adults, 100 or 200 mg. orally three or four times daily. Relief of symptoms occurs 
in from fifteen to thirty minutes and lasts from four to six hours. 


(| LABORATORIES 
New York 18, N. Y. 


References: 1. Collective Study, Department of Medical Research, Winthrop Laboratories. 
2. Lichtman, A. L.: New developments in muscle relaxant therapy, Kentucky Acad. Gen. 
Pract. J. 4:28, Oct., 1958. 3. Lichtman, A. L.: Relief of muscle spasm with a new central 
muscle relaxant, chlormezanone (Trancopal), Scientific Exhibit, Meeting of the Inter- 
national College of Surgeons, Miami Beach, Fla., Jan. 4-7, 1959. 4. Ganz, S. E.: Clinical 
evaluation of a new muscle relaxant (chlormethazanone), J. Indiana M. A. 52:1134, 
July, 1959. 5. Mullin, W. G., and Epifano, Leonard: Chlormezanone, a tranquilizing 
agent with potent skeletai muscle relaxant properties, Am. Pract. Digest Treat. 10:1743, 
Oct., 1959. 6. Shanaphy, J. F.: Chlormezanone (Trancopal) in the treatment of dys- 
menorrhea; a preliminary report, Current Therap. Res. 1:59, Oct., 1959. 


Trancopal (brand of chlormezanone) and Caplets, trademarks reg. U.S. Pat. Off. 1408M_ Printed in U.S.A. 
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Danil 


When DANILONE was administered to 33 
postmyocardial infarct patients, only 
two thromboembolic episodes occurred 
in two patients in 565 patient-months. 
Five such episodes in 50 patient-months 
occurred in four patients who had 
stopped taking anticoagulants.? 


“twice as fast in reaching therapeutic 
levels’’* In 117 patients, the average time 
DANILONE required to attain therapeutic 
levels was less than 36 hours.‘ With 
bishydroxycoumarin, two to four days 
are required for equal effect.® 


“a greater degree of control’”® DANILONE 
held prothrombin activity in 200 patients 
to between 5 and 10 per cent of normal 
“with greater facility” than in another 
series where bishydroxycoumarin was 
used.® Generally, most satisfactory con- 
trol can be obtained by dividing the dos- 
age schedule into two 12-hour intervals.*.6 
“a reputation for safety”? DANILONE, un- 
like the coumarin derivatives, has a short 
recovery period and no cumulative 
action.*®9 As a result, DANILONE “...can 
be administered with reasonable safety 
in the presence of many conditions 
which would contraindicate the use of 
Dicoumarol.’’6 

“a lack of toxic reactions’? Because of its 
extremely low incidence of toxicity,?+9 
and “...the apparent safety factor of a 
wide spread between therapeutic and 
toxic dose, it is felt that phenyldanedione 
[phenindione] is the anticoagulant drug 


(Phenindione, Schieffelin) @ 


“the anticoagulant drug of choice” 


“inexpensive’®> DANILONE is the least ex- 
pensive anticoagulant available today. 
Maintenance cost is as little as three cents 
a day. In addition, its stability of effect 
permits fewer prothrombin-time tests,® 
saving the patient additional costs. 

Samples and literature available on request. 


SUPPLIED: 50 mg. scored tablets. Bottles of 
100 and 1,000. 


References: 1. Pickering, G., et al.: Brit, M. J. 1:803 (Mar. 28) 
1959. 2. McCabe, E, S., and Fittipoldi, J., Jr.: Am. Pract. & 
Digest Treat. 4:765; 1953. 3. Drinan, F. W., et al.: Am. Heart J. 
53:284, 1957. 4, Harper, B. F., and Johnson, R.: J.M.A, Georgia 
45:149, 1956. 5. Wood, J. E.; Beckwith, J. R., and Camp, J. L., 
Ill: J.A.M.A. 159:635 (Oct. 15) 1955. 6. Sise, H. S.; Maloney, 
W.C., and Guttas, C. G.: Am. Heart J. 53:132, 1957. 7. Newcomb, 
T. F.: New England J. Med. 260:545 (Mar. 12) 1959. 8. O’Connor, 
W. R.; Thompson, C. E., and Baker, L. A.: Quart. Bull. Northwest- 
ern Univ. M. School 26:193 (Fall) 1952. 9. Toohey, M.: Brit. M. J. 
1:650 (Mar, 21) 1953. 
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/“a significant reduction” 
in subsequent 
serious infarcts’ 
of choice.’”2 
Schieffelen Ca /Senee 47 PL Pharmaceutical Laboratories Division, New York 3 


New Enzyme-controlled 
antifungal therapy to meet 
the growing challenge of 


Monilial Vaginitis 


IN PREGNANCY / IN DIABETES / AFTER ANTIBIOTIC THERAPY-1oday, monilial 
vaginitis is estimated to be a problem in at least 33 per cent of pregnant women 
and about 10 per cent of nonpregnant females!—a rapidly increasing incidence 
attributed partly to the widespread use of antibiotics. 


‘“Vanay” Vaginal Cream broadens the scope of specific therapy: (1) “‘Vanay” 
insures a continuous therapeutic fungistatic effect without danger of local reaction; 
(2) in addition, ‘““Vanay” restores and maintains a physiologic pH and normal 
vaginal flora—reducing risk of reinfection. | 


Effective response: Treatment was notably effective in moniliasis, as confirmed 
by symptomatic relief and post-treatment smears, Assali reports.2 Marked clinical 
improvement was also noted in 154 of 206 patients, and in some cases symptoms 
subsided within a week of therapy.3 


Other advantages: No monilial resistance demonstrated* / prolonged duration 
of activity* / nonsensitizing / nonirritating / nonstaining / odorless. 


“VANAY Gream 


BRAND OF TRIACETIN IN NONLIQUEFYING BASE 


Indications: specific in monilial 

UNIQUE ENZYME-CONTROLLED FUNGISTASIS WITHOUT IRRITATION** vaginitis...adjunctive in tricho- 
moniasis ... also valuable in non- 

Esterase (present in serum and fungi) specific vaginitis where an acid 


causes release of free fatty acid from : 
G Triacetin “reservoir” ° pH must be restored and main- 
tained. 


Usual Dosage: 2to4 grams daily. 
Supplied: No. 204-250 mg. Glyc- 
eryl triacetate per gram in a non- 
liquefying base. Combination 
package: 1% oz. tube with 15 dis- 
posable applicators. 


bad 


ZONE OF 
CONTINUOUS ACTIVITY 


Esterase activity decreases and limits rate of release References: 1. Idson, B.: Drug & Cos- 
of free fatty acid which stops short of irritation level metic Industry 84:30 (Jan.) 1959. 
ae 2. Assali, N. S.: Personal communica- 


tion. 3. Combined results of 18 clinical 
investigators, Medical Records, Ayerst 
Laboratories. 4. Kubista, R. A., and 
Derse, P. H.: Antibiotics & Chemo- 
therapy, to be published. 5. Knight, 
S. G.: J. Invest. Dermat. 28 :363 
(May) 1957. 6. Knight, S. G.: Anti- 
biotics & Chemotherapy 7:172 
(Apr.) 1957, 


AYERST LABORATORIES 
New York 16, N.Y. - Montreal, Canada 
5947 


Potent Applications Pending 
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PAIN OR PANIC 


Your angina patient hardly knows where one leaves off and the other begins. What he does recognize 
is the relief he gets from both when you prescribe CARTRAX. 


FOR ANGINAL PAIN in most 


effective drug currently available for prolonged prophylactic treatment of angina pectoris.’ 


FOR CARDIAC PANIC amicus 


cardiac] . . . because there 


® is an absence of side effects 
with this drug, and also be- 
cause in cardiacs who are 
troubled with ectopic beats, 


ATARAX has a quinidine-like 


action.’’2 
Dosage: Begin with 1 to 2 
yellow CARTRAX ‘‘10’’ tablets 
(10 mg. PETN plus 10 mg. ATARAX) 3 to 4 times daily. When indicated, this may be increased by switching to 
pink CaRTRAX ‘‘20” tablets (20 mg. PeTN plus 10 mg. ATARAX). For convenience, write “‘CARTRAX 10” or “‘CARTRAX 
20.”" Supplied: In bottles of 100. Prescription only. *brand of hydroxyzine 


References: 1. Russek, H. IL: Postgrad. Med. 19:562 (June) 1956. New York 17, N. Y. 

. Russek, H. I|.: Presented at the Symposium on the Management ivisi i 

of Cardiovascular Problems of the Aged, Dade County Medical sae scm ae Inc. 
Association, Miami Beach, April 12, 1958, Science for the World’s Well-Being 


CARTRAXH 


In hypoprothrombinemia 


KONARIOK 


Rapid action rate of absorption faster than menadione or derivatives... 
more potent and lasting effects. 


Wide margin of safety substantially safer than vitamin-K analogues—no kernicterus 
reported. 
Versatility of administration capsules for oral use... fine aqueous dispersion for parenteral 
administration. 
Compatibility unlike vitamin-K analogues or similar products, the paren- 
teral form of Konakion is a fine aqueous dispersion compatible 
with most I.V. vehicles. 


Low dosage forms no excess, no waste— packaged for economical one-time use. 


Prophylactically and therapeutically, Konakion is indicated in obstetrics to prevent or control 
neonatal hemorrhage, to minimize excessive bleeding in surgery, to offset anticoagulant over- 
dosage, and whenever vitamin-K utilization is impaired. 


KONAKION®—brand of vitamin K, 
ROcHE® Capsules—5 mg; Ampuls—1 mg/0.5 cc; 10 mg/1 cc; 25 mg/2.5 ce 


ROCHE LaBorarories: Division of Hoffmann-La Roche Inc* Nutley 10, New Jersey eA] 
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successful 


in a wide variety of infectious diseases encountered 
in daily practice. More than 120 published clinical 
reports attest to the superiority and 

effectiveness of oleandomycin-tetracycline, 


Cosa-Signemycin 


glucosamine-potentiated tetracycline 
with triacetyloleandomycin 


antibiotic of choice when sensitivity testing is difficult 
or impractical. 


THE HOUSE-CALL ANTIBIOTIC 


available as: 


Capsules Oral Suspension Pediatric Drops 
raspberry-flavored 

125 mg. 2 oz. bottle, 125 mg. 10 ce. bottle (with cali- 

250 mg. per teaspoonful (5 cc.) brated dropper), 5 mg. 


per drop (100 mg. per ce.) 


Each 250 mg. of Cosa-Signemycin contains: glucosamine- 
potentiated tetracycline—167 mg., triacetyloleandomycin—83 mg. 


Bibliography and professional information booklet on COSA-SIGNEMYCIN 
available on request. 


Pfizer Science for the world’s well-being™ 


PFIZER LABORATORIES, Division, Chas. Pfizer & Co.,Inc., Brooklyn 6, N.Y. 


more closely approaches the ideal diuretic 


“When compared to other members of this heterocyclic group 
of compounds, this drug [NATURETIN] shows a significantly in- 
creased natriuresis and decreased loss of potassium and bicar- 


bonate. In this respect it more closely approaches a natural or 
‘ideal diuretic.’ It is effective upon continuous administration and 
causes no significant serum biochemical changes. It is effective 
in a wide variety of edematous and hypertensive states and 
represents a significant advance in diuretic therapy.” Ford, R.V.: 
S Pharmacological observations on a more potent benzothiadiazine 


quibb Benzydroflumethiazide diuretic; accepted for publication by the American Heart Journal. 


Comparison of electrolyte excretion pattern for the 24 hours following 
typical doses of chlorothiazide, hydrochlorothiazide, and Naturetin! 


+ 
| 
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Typical Doses: Chlorothiazide —1,000 mg.; Hydrochlorothiazide — 50 mg.; Naturetin (Benzydroflumethiazide)—5 mg. 


. 1, Adapted from: Ford, R. V., Squibb Clin. Res. Notes 2:1 (Dec.) 1959. 
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Urinary Volume (liters) Natriuresis (mEq./24 hr.) Potassium Excretion 
significantly increased sodium excretion significantly (mEq./24 hr.) 
with Naturetin increased with Naturetin least with Naturetin 
ERR 
Bicarbonate Excretion j i : 
least with Naturetin marked increases 


A single 5 mg. tablet once a day 
provides all these advantages’ 


prolonged action — in excess of 18 hours 

convenient once-a-day dosage 

low daily dosage — more economical for the patient 

no significant alteration in normal electrolyte excretion pattern 

repetitively effective as a diuretic and antihypertensive 

greater potency mg. for mg.—more than 100 times as potent as chlorothiazide 
potency maintained with continued administration 

low toxicity — few side effects — low salt diets not necessary 


comparative studies with chlorothiazide, hydrochlorothiazide, and Naturetin 
disclose that smallest doses of Naturetin produce greater weight loss per day 


in hypertension, Naturetin, alone or in combination with other anti- 
hypertensives, produces significant decreases in mean blood pressure 
and other favorable clinical effects 

@ purpura and agranulocytosis not observed 


@ allergic reactions rarely observed 


2Reports (1959) to the Squibb Institute for Medical Research, 


Naturétin —Indications : in control of edema when diuresis is required, in congestive heart failure, 

in the premenstrual syndrome, nephrosis and nephritis, cirrhosis with ascites, edema induced by drugs 
(certain steroids); in the management of hypertension, used alone, combined with Raudixin (Squibb 
Rauwolfia Serpentina Whole Root), or with other antihypertensive drugs, such as ganglionic blocking agents. 


Contraindications: none, except in complete renal shutdown. 


Precautions: when Naturetin is added to an antihypertensive regimen including hydralazine, 

veratrum, and/or ganglionic blocking agents, immediate reduction must be made in the dosage for all 
preparations; the dosage for ganglionic blocking agents must be decreased by 50% to avoid a precipitous 
drop in blood pressure. This also applies if these hypotensive drugs are added to an established Naturetin 
regimen . .. in hypochloremic alkalosis with or without hypokalemia . . . in cirrhotic patients or those on 
digitalis therapy when reductions in serum potassium are noted . . . in diabetic patients or those 


predisposed to diabetes . .. when increased uric acid concentrations are noted . . . when signs— . 
leg or abdominal cramps, pruritus, paresthesia, rash — suggestive of hypersensitivity, are noted. : SW 
Naturétin — Dosage: in edema, average dose, 5 mg., once daily, preferably in the al cos 


morning; to initiate therapy, up to 20 mg., once daily or in divided doses; for 
maintenance, 2.5 to 5.0 mg., daily in a single dose. Jn hypertension: suggested 
initial dose, 5 to 20 mg. daily; for maintenance, 2.5 to 15 mg. daily, depending 
on the individual response of the patient. When Naturetin is added to an anti- 


hypertensive regimen with other agents, lower maintenance doses of each 
drug should be used. A 
= 4° the Priceless 
Naturétin — supplied : tablets of 2.5 mg. and 5 mg. (scored). Ingredient 


‘raupixiney® AND ‘NATURETIN’ ARE SQUIBB TRADEMARKS, 
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Why so many 
hypertensive patients 


prefer Singoserp 


2/2762mK 
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It spares them the 
usual rauwolfia side effects 


FOR EXAMPLE: “A clinical study made of syrosingopine [Singoserp] therapy in 77 ambulant 
patients with essential hypertension demonstrated this agent to be effective in reducing hypertension, 
although the daily dosage required is higher than that of reserpine. Severe side-effects are infrequent, 
and this attribute of syrosingopine is its chief advantage over other Rauwolfia preparations. The 
drug appears useful in the management of patients with essential hypertension.”? 


Almost all side effects relieved when Singoserp was 
substituted for other rauwolfia derivatives in 24 patients’ 


Incidence 
Side Effects with Prior Relieved by Not 
| Rauwolfia Agent Singoserp Relieved* 


Depression 11 10 1 


Lethargy or fatigue 5 5 i?) 


Nasal congestion 7 7 


disturbances 


Gastrointestinal | 


Conjunctivitis 1 


*Two of the 24 patients had two troublesome side effects. 


singoserp 


(syrosingopine CIBA) 
First drug to try in new hypertensive patients 


First drug to add in hypertensive patients already on medication 


Supplied: Singoserp Tablets, 1 mg. (white, scored); bottles of 100. 


1. Herrmann, G. R., Vogelpohl, E. B., Hejtmancik, M. R., and Wright, J. C.: J.A.M.A. 169:1609 (April 4) 1959. 
2. Bartels, C. C.: N. E. J. Med. 261:785 (Oct. 15) 1959. 
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Lifts depression... 


An emotionally balanced patient 


Thanks to your treatment and the 
help of Deprol, her depression is 
relieved and her anxiety and tension 
calmed. She eats well, sleeps well, and 
can return to her normal activities. 
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as it calms anxiety! 


Deprol helps balance the mood 
by lifting depression as it 
calms related anxiety 


No “‘seesaw”’ effect of amphetamine- 
barbiturates and energizers 


While amphetamines and energizers 
may stimulate the patient—they 
often aggravate anxiety and tension. 
And although amphetamine-barbi- 
turate combinations may counteract 
excessive stimulation—they often 
deepen depression. 


LIFTS DEPRESSION 


ANXIETY.” 
~~Deprol 


In contrast to such ‘‘seesaw”’ effects, 
Deprol lifts depression as it calms 
anxiety—both at the same time. 


Safer choice of medication than 
untested drugs 


Deprol does not produce hypoten- 
sion, liver damage, psychotic reac- 
tions or changes in sexual function. 


BIBLIOGRAPHY: 1. Alexander, L.: Chemotherapy of depression— 
Use of meprobamate combined with benactyzine (2-diethylaminoethyl 
benzilate) hydrochloride. J.A.M.A. 166:1019, March 1, 1958. 2. 
Bateman, J. C. and Cariton, H. N.: Deprol as adjunctive therapy for 
patients with advanced cancer. Antibiotic Med. & Clin. Therapy. In 
press, 1959. 3. Bell, J. L., Tauber, H., Santy, A. and Pulito, F.: 
Treatment of depressive states in office practice. Dis. Nerv. System 
20:263, June 1959. 4. McClure, C. W., Papas, P. N., Speare, G.S., 
Palmer, E., Slattery, J. J., Konefal, S. H., Henken, B. S., Wood, 
C. A. and Ceresia, G. B.: Treatment of depression—New technics and 
therapy. Am. Pract. & Digest Treat. In press, 1959. 5, Pennington, 
V. M.: Meprobamate-benactyzine (Deprol) in the treatment of chronic 
brain syndrome, schizophrenia and senility. J. Am. Geriatrics Soc. 7 ae 
7:656, Aug. 1959. 6. Rickels, K. and Ewing, J. H.: Deprol in depressive Ee od 
Conditions. Dis. Nerv. System 20:364, (Section One), Aug. 1959. ‘ 
7. Ruchwarger, A.: Use of Deprol (meprobamate combined with 
benactyzine hydrochloride) in the office treatment of depression, 
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AMPHETAMINES AMPHETAMINE- 


M. Ann. District of Columbia 28:438, Aug. 1959. 8. Settel, E.: AN D EN ERGIZERS S A R B | T U Ny AT E 
Treatment of depression ia the elderly with a meprobamate-benactyzine = ‘ 2 

hydrochloride combination. Antibiotic Med. & Clin. Therapy. In : may stimulate the combinations may 
a patient, but often control overstimula- 


increase anxiety and tion but may deepen 
tension. depression. 


“Depror 


DOSAGE: Usual starting dose is 1 tablet 
q.i.d. When necessary, this may be 
gradually increased up to 3 tablets q.i.d. 
COMPOSITION: 1 mg. 2-diethylamino- 
ethyl benzilate hydrochloride (benacty- 
zine HCl) and 400 mg. meprobamate. 
SUPPLIED: Bottles of 50 light-pink, 
— tablets. Write for literature and | A i) WALLACE LABORATORIES / New Brunswick, N. J. 
samples, CD-559 
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DISSOLVES INTRAVASCULAR 


NOT JUST A NEW DRUG...A NEW THERAPY 


TRADEMARK 


Fibrinolysin (Human) 


1. Moser, K.M.: J.A.M.A. 767:1695 (Aug. 2) 1958. 

2. Cliffton, E.E.: J. Am. Geriatrics Soc. 6:118, 1958. 

3. Sussman, B.J., and Fitch, T.S. P.: J. A.M. A. 767:1705 (Aug. 2) 1958. 
4 ngher, H.O., and Chapple, R.V.; Clin. Med. 6:439 (March) 1959. 


ORTHO PHARMACEUTICAL CORPORATION, RARITAN, N. d. 
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in thrombophlebitis 


and 
pulmonary embolism 


Clinically proved,*? ACTASE has a specific lytic ef- 
fect upon the venous thrombus or pulmonary embolus. 
Patients respond rapidly, often dramatically, to the clot- 
dissolving action of an intravenous infusion of this phy- 
siologic fibrinolysin.* A significant decrease in length of 
hospitalization following thrombophlebitis, as well as a 
reduction in the threat of pulmonary embolism, is now 
possible. In one series of patients with deep thrombo- 
phlebitis, some of whom had previously 
suffered pulmonary emboli, no occur- 
rence of pulmonary emboli was reported 
following administration of ACTASE' 


COMPLETE INFORMATION AVAILABLE ON REQUEST. 
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s used with permission of patient. 


Mrs. C.R. is Normotensive 
with Singoserp/Esidrix... 


Relieved of hypertensive headache, patient can now carry out heavy responsibilities 


Severe headache —a symptom of her hyperten- 
sion —has troubled Mrs. C. R. for about 4 years. 
Her job and home life have imposed additional 
stress. Employed by a chocolate manufacturer — 
on the “swing shift” —she works in a cold room, 
wearing a coat and wool socks as protection. After 
work she waits a half hour for a bus that gets her 
home at 1:30 a.m. 

Mornings at home offer no respite. Since her 
husband, a cardiac cripple, cannot help with 


household chores, she does the cleaning and shop- 
ping, also works on the lawn and garden. Mrs. R. 
and her husband built their own house from the 
foundation up some years ago. After his incapaci- 
tating heart attack in 1957 she poured the con- 
crete walks and patio herself. 

Initially, Mrs. R.’s physician prescribed mepro- 
bamate and chlorothiazide, with no effect. On 
January 29, 1959, she was switched to Esidrix 50 
mg. in combination with Singoserp 0.5 mg. daily; 
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Before treatment: B. P. 190/110 mm. Hg 


her blood pressure was then 190/110 mm. Hg. 

By March 9, Singoserp/Esidrix combination 
therapy had lowered Mrs. R.’s pressure to 150/ 
100.mm. Hg. On June 1, the reading was 140/80 
mm. Hg. As of August 24, the patient’s blood 
pressure had stabilized at that normotensive level. 

Mrs. R. is delighted with the results of 
Singoserp/ Esidrix treatment. Her headaches are 
gone. She once again has the energy to handle 


Singoserp 


Combination Tablets 


POTENTIATED ANTIHYPERTENSIVE 


2/2749MB 


-Hsidrix 
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After treatment: B. P. 140/80 mm. Hg 


her heavy responsibilities at work and at home. 

With Singoserp-Esidrix you give your hyper- 
tensive patients the benefits of potentiated ther- 
apy. Often more effective than a single drug, 
Singoserp-Esidrix usually relieves hypertension 
without side effects. Indicated in mild to mod- 
erate hypertension. 


SUPPLIED: Singoserp-Esidrix Tablets #2 (white), each contain- 
ing 1 mg. Singoserp and 25 mg. Esidrix. Tablets #1 (white), each 
containing 0.5 mg. Singoserp and 25 mg. Esidrix. 


(syrosingopine and hydrochlorothiazide c1Ba) 
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OTHER 
THYROI 
PRODUCT 
is used so widely and so often... stocked by so many leading 


pharmacies... regarded throughout the world as the pioneer 
in thyroid standardization and the original standard of com- 


parison for all thyroid preparations 


ALWAYS SPECIFY 
ARMOUR 
THYROID 


KANKAKEE, ILLINOIS Armour Means Protection 


é 
f 
| 
| 
= 
| 
| 
os 
= 
| 
ARMOUR PHARMACEUTICAL COMPANY 


HER DANDRUFF | 


Strange how many patients catalog their ills (real and imagined) from day to day, yet never 
mention their dandruff to their doctor. They’ll tell everybody else about it, but they just don’t 


think of a scaly scalp as a medical problem. And so they scratch and suffer and suffer and scratch, 


and make one costly experiment after another. That’s why a word from you (if you can get one 


in)—and a prescription for Selsun—will probably be appreciated. 


YE | SUSPENSION 
| St N ABBOTT 
an ethical answer to a medical problem 


(Selenium Sulfide, Abbott) 


©1960—ABBOTT LABORATORIES, NORTH CHICAGO, ILL. 001013 
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ANEMIA 
DUE TO 
MENORRHAGIA 


another indication for Iberol potent antianemia therapy 


plus the complete B-complex 


2 IBEROL FILMTABS A DAY SUPPLY: 


The Right Amount of Iron 
Ferrous Sulfate, U.S.P.... 1.05 Gm. 
(Elemental lron—210 mg.) 
Plus the Complete B-complex 
Vitamin Biz with Intrinsic 
Factor Concentrate 1 U.S.P. Unit (Oral) 


Folic Acid 

Liver Fraction 2, N.F. ; .. 200mg. 

Thiamine Mononitrate................ 6mg. 

Nicotinamide 

Calcium Pantothenate .... 6mg. 

Plus Vitamin C | 
ABBOTT Ascorbic Acid mg. 


® Filmtab—Film-sealed tablets, Abbott 
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Effective non-narcotic analgesia 


uanil 


The most widely prescribed ataraxic 


ZACTIRIN and EQUANIL administered together produce relax- 


ation from tension—muscular and mental—and relief from 
pain. 


2 
EQUANIL enhances the action of ZACTIRIN by reducing the Wijeth 
tension which often accompanies pain and increases aware- ¢ 
ness of it. Wyeth Laboratories, Philadelphia 1, Pa. A Century of 
*Ethoheptazine Citrate with Acetylsalicylic Acid, Wyeth {tMeprobamate, Wyeth Service to Medicine 
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(7 antris in urinary 


and other bacterial infections 


most widely discussed 


—in more than 500 leading journals and standard texts 


most widely appreciated 


—by tens of thousands of physicians...specialists or in 


general practice 


most widely used 


—more than 3 billion tablets...enough to encircle 
the earth 


and where pain must be 
eliminated from the outset... 


Azo Gantrisin 


analgesic / antibacterial 


ROCHE® 


>} ROCHE LABORATORIES 
Division of Hoffmann-La Roche Inc + Nutley 10+ N.J. 
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IN EPILEPSY... 
PREREQUISITE 
FOR 
PARTICIPATION: 
THERAPY 


With the use of medications, 
epileptic students may be enabled 
to participate in many of the same 
activities as other students.' 


REQUISITE 

FOR THERAPY: 

THE PARKE-DAVIS 
FAMILY OF 
ANTICONVULSANTS 


effective anticonvulsants 
for most 
clinical. needs 


for control of ban mal and psychomotor seizures 


@ KAPSEALS® “in the last 15 years several 

an in new anticonvulsant agents have come into 
clinical use but they have not replaced 

diphenylhydantoin [pDiLANTIN] as the most effective singie agent for a © 


variety of reasons. Most of them are less effective in control of seizures, 
have a greater sedative effect and higher incidence of sensitivity reactions.” 


A drug of choice for control of grand mal and psychomotor seizures, DILANTIN 
sodium (diphenylhydantoin sodium, Parke-Davis) is available in several 
forms, including Kapseals of 0.03 Gm. and 0.1 Gm. supplied in bottles 
of 100 and 1,000. 


@® KAPSEALS When it has been dem- 
+ all in onstrated that the combination of 
Dilantin and phenobarbital is helpful 


in a patient and that these drugs are well tolerated, the use of PHELANTIN, a 
capsule providing both drugs, is often a great morale builder because it 
enables the physician to reduce the total number of pills or capsules the 
patient is required to take. It is less expensive medication and it prevents 
the patient from manipulating the dosage.* PHELANTIN also contains meth- 
amphetamine (desoxyephedrine) to minimize the sedative effect of pheno- 
barbital. 


PHELANTIN Kapseals (Dilantin 100 mg., phenobarbital 30 mg., desoxyephed- 
rine hydrochloride 2.5 mg.) are available in bottles of 100. 


for the petit mal triad 


KAPSEALS « SUSPENSION siLontin is 
in one of the most effective agents for the 
treatment of petit mal epilepsy. Relatively 


free from untoward side effects, miLontin successfully reduces both the 
number and severity of petit mal attacks without increasing the frequency 
or severity of grand mal attacks in those patients with combined petit mal 
and grand mal epilepsy. Also, MILONTIN is considered an excellent choice 
for initiating therapy in untreated patients.*~¢ 


MILONTIN Kapseals (phensuximide, Parke-Davis) 0.5 Gm., bottles of 100 and 
1,000. Suspension, 250 mg. per 4 cc., 16-ounce bottles. 


KAPSEALS ce tontin is effective in the 
‘ 0 ji in treatment of petit mal and psychomotor 
epilepsy. It provides effective control with 


a minimum of side effects, frequently checks seizures in patients refrac 
tory to other anticonvulsant medications, and does not tend to precipitate 
grand mal attacks in those patients with combined petit mal and grand mal 
seizures. For this reason, CELONTIN is useful in treating patients with more 


than one type of seizure and can be given in combination with Dilantin.”""* 


CELONTIN Kapseals (methsuximide, Parke-Davis) 0.3 Gm., bottles of 100. 


bibliography: (1) Green, J. R., & Steelman, H. F.: Epileptic Seizures, Baltimore, William: 
& Wilkins Company, 1956, p. 136. (2) Bray, P. F.: Pediotrics 23:151, 1959. (3) Davidson, D. 
Jr., in Conn, H. F.: Current Therapy 1959, Philadelphia, W. B. Saunders Compony,. 1959, p. 5 
(4) Smith, B., & Forster, F. M.: Neurology 4:137, 1954. (5) Zimmerman, F. T:: New 

Med, 55: 2338, 1955. (6) Lemere, F.: Northwest Med. 53:482, 1954. (7) Perlstein, 

Clin. North America: 4:1079 (Nov.) 1957. (8) Livingston, S., & Pauli, L.: Pediatr 

1957. (9) Carter, C. H., & Maley, M. C.: Neurology 7:483, 1957. (10) Keith, H. M., : 

J, G.: Proc. Staff Meet. Mayas 33-105, 1958. 
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~inedema of pregnancy 


“Qratifying relief... 
inall patients... 


treated with 
DIU 


increased potency—without corresponding increase in side effects 
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HYDROCHLOROTHIAZIDE 


Ford, Ralph V.: Southern Med. Jl. 52: 40,( Jan.) 1959 


“Hydrochlorothiazide was given 


to patients with edema (mild to 


moderate) of varied etiology...” 


“There were...5 women in the 
third trimester of pregnancy.” In 
these patients the cumulative 
weight loss was 2 pounds after 
seven days of therapy and 4 
pounds after twenty-one days. 
Gratifying relief of edema was 


observed in all patients. 


DOSAGE: One or two 50 mg. tablets HYDRODIURIL once or 
twice a day, depending upon the condition and indi- 


vidual patient response. 


SUPPLIED: 25 mg. and 50 mg. scored tablets HYDRODIURIL 
(Hydrochlorothiazide) in bottles of 100 and 1,000. 


HYDRODIURIL is a trademark of Merck & Co., INC. 


Additional information on HYDRODIURIL is available to the 
physician on request. ©1960 Merck & Co., INC. 


MERCK SHARP & DOHME 
S Division of Merck & Co., Inc. Philadelphia 1, Pa. 


} 
| 
147 
} 
| 
~ 
# 
\ 
iN 
| 


Established 
Standard Therapy 


in Hypertension’™ 


just two tablets 
at bedtime 


After full effect 
one tablet 
suffices 


* Because 


Rauwiloid provides effective Rauwolfia 
action virtually free from side effects...the 
smooth therapeutic efficacy of Rauwiloid 
is associated with significantly. less toxicity 
than reserpine...and.with a lower incidence 
of depression. Tolerance does not develop. 
Rauwiloid is initial therapy for every 
hypertensive patient. ... Dosage adjust- 

ment is never a problem... 

When more potent drugs are needed, prescribe one 
of the convenient single-tablet combinations 


alseroxylon 1 mg. and alkavervir 3 mg. 


or 


alseroxylon 1 mg. and hexamethonium 
chloride dihydrate 250 mg. 


Many patients with severe hypertension can be maintained 
on Rauwiloid alone after desired blood pressure levels are 


reached with combination medicatioh. 


Northridge, California 
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IN UROPATHIES | 
WHEN PAIN IS PART OF THE PICTURE 


., Children under 100 ibs— 
Urinary tract pain, at the source or referred, is subject to the rapid 1 tablet four times daily. 
analgesic action of the azo dye in Azo Gantrisin. Azo Gantrisin combines Gantrisin plus 50 mz 
dramatic relief of symptoms with proven effective action against infec- phenylazodiamino-pyridine HCl ~ 

bottles of 100 and 500. 
tions carried by either blood stream or urine. 


Valuable also following urologic manipulation and surgery. x6 B 
| | | ROCHE 


mAZO GANTRISIN 
Division of Hoffmann-La Roche Inc. 
‘ Nutley 10, N. J. 


GANTRISIN®—brand of su!fisoxazole 
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ROCHE 


new Noludar 300 


300 mg CAPSULES 


A good night’s sleep can be described in many ways, but “natural” comes closest to 
the kind of sound, refreshing sleep your patients will enjoy when you prescribe new 
NOLUDAR 300. Prompt action ...unsurpassed safety ...6 to 8 hours of undisturbed 
rest ... and a cheerful awakening without “hangover”—such is the quality of sleep with 
Noupar. Well tolerated, non-barbiturate, non-addictive, virtually free of even minor 
side reactions. DOSAGE: Adults—One 300-mg “= 

capsule before retiring. Also available 


in 200-mg tablets for gentle hypnotic 
effect and 50-mg for daytime sedation. 


NOLUDAR®— brand of methyprylon 


ROCHE LABORATORIES - Division of Hoffmann-La Roche Inc- Nutley 10, New Jersey 
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\ ARTHRITIS: FOR THE FEAR-AND THE AFFLICTION 


® Proved clinical record in corticosteroid therapy - Tranquilizing 

| T AR AXOID and muscle-relaxant effects! of hydroxyzine enhance predniso- 
lone efficiency - Often permits lower corticoid doses?“ + Anti- 

secretory action® of hydroxyzine minimizes gastric side effects 


prednisolone-hydroxyzine 


Supplied: ATARAXOID 5.0 — scored green tab- 1, Hutcheon, D. E., et al.: Paper pre- 
lets, 5.0 mg. prednisolone and 10 mg. hydrox- sented at Am. Soc. Pharmacol, & 
yzine hydrochloride, bottles of 30 and 100, Exper: Therap., Nov. 8-10, 1956, 

. J French Lick, Ind. 2. Johnston, T. G., 
ATARAXOID 2.5 — scored blue tablets, 2.5 mg. ana Cazort, A. G.: Clin. Rev. 1:17, 
prednisolone and 10 mg. hydroxyzine hydro- 1958. 3. Warter, P, J.: J. M. Soc. 


chloride, bottles of 30 and 100. ATARAXOID 1.0 New Jersey 54:7, 1957. 4. Individual 
Case Reports to Medical Dept., Pfizer 


— scored orchid tablets, 1.0 mg. prednisolone Laboratectes, Bo he 
and 10 mg. hydroxyzine hydrochloride, published. 


Science for the world’s well-being Pfizer) bottles of 100. 
PFIZER LABORATORIES, Division, CHAS. PFIZER & Co., INC. BROOKLYN 6, NEW YORK 


, 


CONGESTIVE FAILURE 


“Chlorothiazide appears to represent a significant 
advance in the treatment of patients with congestive 
heart failure .. . ; its decided advantages are 

(1) effective oral administration, (2) apparent 

lack of toxicity, (3) high patient acceptance, 

(4) sustained diuretic action...” 


Keyes, J.W. and Berlacher, F.J.: J.A.M.A. 169:109, (Jan. 10) 1959. 
Dosage: One or two 500 mg, tablets DIURIL once or twice a day. 


DIURIL 


CHLOROTHIAZIDE 


a continuing 
and consistently 
outstanding record 


of safety and 
efficacy in: 


Supplied: 250 mg. and 500 mg. scored tablets DIURIL 
(Chlorothiazide). DIURIL is a trademark of Merck & Co., Inc. 
Additional information is available to the physician on request. 


MERCK SHARP & DOHME 
Division of Merck & Co., Inc., Philadelphia 1, Pa. 


©1959 Merck & Co., INC. 
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when emotional turbulence threatens 
medical or surgical care 


Fear, agitation, and resistance often hinder 
medical diagnosis and treatment. 

SPARINE alleviates agitation, overcomes resist- 
ance, placates fears. 

In addition to calming the patient, SPARINE 
controls other interfering symptoms: nausea, 
vomiting, and hiccups. 

Wyeth Laboratories, Philadelphia 1, Pa. 


Sparine fer 


HYDROCHLORIDE 


Promazine Hydrochloride, Wyeth 


INJECTION 
TABLETS 
SYRUP 


A Century of Service to Medicine 


| | 


NEW AND EXCLUSIVE 


FOR SUSTAINED 
TRANQUILIZATION 


MILTOWN’ (meprobamate) now available 


in 400 mg. continuous release capsules as 


Meprospan-400 


JUST ONE CAPSULE 
LASTS ALL DAY 


HIGHER POTENCY 
FOR GREATER CONVENIENCE 


e relieves both mental and muscular tension 
without causing depression 


e does not impair mental efficiency, motor 
control, or normal behavior 


Usual dosage: One capsule at breakfast, 
one capsule with evening meal 


Available: Meprospan-400, each blue capsule contains 
400 mg. Miltown (meprobamate) 


Meprospan-200, each yellow capsule contains 
200 mg. Miltown (meprobamate) 
Both potencies in bottles of 30. 


QP WALLACE LABORATORIES, New Brunswick, N. 7. 
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now! by mouth! a liquid 
bronchodilator terminates 
acute asthma in minutes 
with virtually no risk of 
gastric upset 


ELIXOPHYLLIN 


oral liquid 


Following oral dosage of 75 cc. Elixophyllin, mean blood levels of theophylline 
at 15 minutes' exceed those produced by 300 mg. aminophylline I.V.°—and 
therapeutically effective* levels persist for hours.* 


No sympathomimetic stimulation 
» No barbiturate depression 


% No suppression of adrenal function 


Each tablespoonful (15 cc.) contains theophylline 80 mg. (equivalent to 100 
mg. aminophylline) in a hydroalcoholic vehicle (alcohol 20% ). 


For acute attacks: Single dose of 75 cc. for 1. Schluger, J. et al.: Am. J. Med. Sci. 233:296, 


adults; 0.5 cc. per Ib. of body weight for avers 
2. Bradwell, E. K.: Acta med. scand. yy /% 


children. 146:123, 1953. 


, 3. Truitt, E. B. et al.: J. Pharm. Exp. PDR) 
For 24 hour control : For adults 45 cc. doses Ther. 100:309, 1950. Ba 


before breakfast, at 3 P.M., and before re- - 

tiring; after two days, 30 cc. doses. Children, S 1, te 

Ist 6 doses 0.3 cc.—then 0.2 cc. (per lb. of LOOM abvralortés 


body weight) as above. Detroit 11, Michigan 
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REFER TO| 


FOR YOUR ASTHMATICS 


NOTHING IS QUICKER ¢ NOTHING IS MORE EFFECTIVE 


PREMICRONIZED FOR 
OPTIMAL EFFICACY 


akproof 


Spillproof 


Available with 
either epinephrine 
or isoproterenol 


Medihaler-EPI° 


Epinephrine bitartrate, 7.0 mg. per cc., 
suspended in inert, nontoxic aerosol vehicle. 
Contains no alcohol. Each measured dose 
contains 0.15 mg. epinephrine. 


Medihaler-ISO” 


Isoproterenol sulfate, 2.0 mg. per cc., 
suspended in inert, nontoxic aerosol vehicle. 
Contains no alcohol. Each measured 

dose contains 0.06 mg. isoproterenol. Rik er 


E 
e) 
E 
>» 
O 
O 
2] 


Nonbreakable 


Northridge, 
California 


NOTABLY SAFE AND EFFECTIVE FOR CHILDREN, TOO. 
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Singoserp: 


It spares them from the usual rauwolfia side effects 


FOR EXAMPLE: “A clinical study made of syrosingopine [Singoserp] therapy in 77 ambulant 
patients with essential hypertension demonstrated this agent to be effective in reducing 
hypertension, although the daily dosage required is higher than that of reserpine. Severe 
side-effects are infrequent, and this attribute of syrosingopine is its chief advantage over 
other Rauwolfia preparations. The drug appears useful in the management of patients with 


essential hypertension.”* 
*Herrmann, G. R., Vogelpohl, E. B., Hejtmancik, M. R., and Wright, J. C.: J.A.M.A. 169:1609 (April 4) 1959. 


singoserp 


(syrosingopine CIBA) 


First drug to try in new hypertensive patients 
First drug to add in hypertensive patients already on medication 


suppLieD: Singoserp Tablets, 1 mg. (white, scored); bottles of 100. Samples available on request. 
Write to CIBA, Box 277, Summit, N. J. : 


2/2697MB8 
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